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Abstract

Introduction
Recent population studies indicate that energy intake is decreasing while the
prevalence of obesity continues to rise (Bray and Popkin, 1998). This may be due
to the consumption of a high fat diet by western cultures, an increasing sedentary
hfestyle or an interplay between both factors. Previous work by Pierce (1998),
describing a chance observation that rats that had eaten a high fat diet exercised
less than controls, suggests that eating fat per se may diminish physical activity.
Aims
The aim of the present study was to determine whether: a) intake of dietary fat; or
b) a higher than normal body weight; or c) a combination of the two (a and b),
affects voluntary physical activity in rats.
Methods
Twenty-three female wistar rats (aged 11 weeks) were housed individually in
metabolic cages for four weeks, then were given access to running wheels (at age
15 weeks) for a further four weeks. Rats were assigned to diet groups as follows:
1) High fat ad lib group; 2) High Fat energy restricted group; 3) High
Carbohydrate ad lib group; and 4) Laboratory Chow ad lib. Distance run, food
intake, and body weight were recorded daily. Stage of oestrous cycle was
determined every second day. Serum leptin levels were measured at (t=0,4,8
weeks); Hver glycogen levels were measured at t=8weeks.

Results
Data analysis showed only non-significant trends in running results. Rats that ate
a high fat diet exercised 22% less than rats that ate a low fat (high carbohydrate)
diet.

Neither eating fat nor being fat statistically affected running wheel activity

in the female wistar rat. Serum leptin levels at the end of the four weeks of
running were significantly (p<0.05) lower in all diet groups than they were prior
to the exercise regime; and liver glycogen levels were significantly lower in those
animals on restricted energy intake (p<0.05).

Conclusion
Fat was therefore not seen to be a factor in diminishing the desire for physical
activity in the female wistar rat.

Chapter One
1.1 Introduction

In western society, obesity is common and its prevalence is on the rise. Obesity is
defined as having an excess of adipose tissue, or fat, that can be expressed in
terms of the Body Mass Index (BMI) (Cheah, 1996). In adults, the "normal
range" of BMI is about 20 to 25; "overweight" is defined as a BMI>25; and
obesity is indicated by a BMI>30. In Australia, the National Health and Medical
Research Council (NH&MRC) reported in 1996 that approximately 50% of males
and 34% of females were overweight or obese. In the US alone, it has been
estimated that by 2030, 80% of the adult population will be obese (lOTF, 1998).
Obesity is a multifaceted problem, that impacts on an individual at a medical,
social and financial level. To date, the reason why some individuals become
obese over others is unknown. What we do know is that obesity is the result of an
energy imbalance. To control body weight one must balance energy intake (kJ
consumed) against energy expended (kJ burned). This equilibrium is known as
the "energy balance equation". If these conditions are not met, changes will occur
in the body stores of carbohydrate, fat and protein, which, in turn, will affect
overall body weight and composition, resulting in obesity.

The energy balance equation applies to obese as well as normal individuals. As
such, various types of therapy, for instance, dietary restriction, exercise and
behaviour modification, have been based on this equation and hence used to treat
this condition (Cheah, 1996).

Traditional approaches in the treatment and management of obesity have relied
heavily on the use of dietary restriction. It has been known that decreasing overall
caloric intake will result in a decrease in body weight gain (Racette et al, 1995).
During the evolution of the human race, we were known to be hunters and
gatherers. Recent technological advancements have enabled us to reduce our
capacity for hunting and increase our capacity for gathering. Over time this has
resulted in a biological imbalance where we no longer need to expend as much of
our energy in search of food, but rather preserve our energy for times of famine.
As famine is a rare occurrence in today's western world, we spend most of our
time feasting and living an inactive lifestyle which leads to weight gain. Why is it
that when we tend to eat we prefer to remain sedentary rather than becoming
active? Is it our physiological drive to search for food in times of hunger that
results in humans becoming physically active? Or is it because, as food is so
abundant and easily obtainable, there is an increase in food consumption, a
decrease in physical activity and an increase in weight gain? These are just some
of the questions that need to be considered in determining why obesity is so
prevalent in today's society. To counteract this evolutionary change, reducing fat

in the diet and increasing carbohydrate intake can result in weight loss (Pavlou et
al, 1989;Racetteei«/., 1995).

While dietary adjustment is an important aspect in the treatment and management
of obesity, a better option would be to employ dietary restriction in conjunction
with an increase in energy expenditure from physical activity and exercise.
Modifying the individual's lifestyle to incorporate these two variables will result
in overall fat reduction.

Not only is it imperative that the lifestyle of an individual be addressed, but there
has also been increasing interest in other physiological mechanisms that may be
involved in causing obesity.

1.2 Statement of Problem
The purpose of this research is to determine whether there is a general
relationship between fat intake or storage and voluntary exercise, and in particular
whether having an increase in body fat mass or eating fat per se reduces physical
activity in the female wistar rat. Relatively few investigations have examined the
relationship between increasing body weight while eating a diet high in fat, and its
influence on exercise capacity in the female rat (Oscai et al, 1969; Pitts, 1984).

An earlier study conducted by Pierce (1998) found that rats eating a high fat diet
while being inactive correlated with an increase in body weight and also with a
40% reduction in wheel running. These animals were compared to animals that
had been placed into wheel cages upon arrival to the animal house and were fed a
high fat diet. The question may be posed, therefore, as to whether having a larger
body fat mass caused the rats to exercise less or was it eating fat per se that
caused them to exercise less, or both? If this can be resolved, we may be better
able to derive an effective regimen in treating obesity in humans (Figure 1).
Being Overweight

(Appetite ?)

Eating Fat

(higher fat mass : lean body mass ratio)

Decreased Physical Activity

Appetite or Physical Activity Mechanisms (leptin)

Figure 1: This illustrates the central question: does "being fat" cause a decrease in
physical activity, or does "eating fat" cause a decrease in physical activity, or does
eating fat lead to being ovenveight which leads to decreased physical activity?

From Pierce's (1998) study, numerous variables have been identified that may
influence the rat's running capacity. These could be: body weight, age, lifestyle
(prior physical activity), dietary intake or leptin.

There has been an interest in understanding the mechanisms controUing energy
homeostasis with the discovery of leptin in 1994 by Zhang and colleagues. They
found that leptin is produced in adipose tissue and is thought to suppress appetite,
increase physical activity, increase thermogenesis and result in weight loss. How
leptin manages to do all this is unclear. Despite these uncertainties, the discovery
of leptin represents a remarkable breakthrough in the understanding of the
pathophysiology of obesity.
There have been a few studies that look at the effects of dietary intake on leptin
response in animals (Cusin et al, 1996; Ainslie et al, 2000), as well as in humans
(Jenkins et al, 1997; Perusse et al, 1997; Leal-Cerro et al, 1998). There is,
however, very little literature on exercise and its effects on leptin, in particular in
the rat. This study hopes to determine the response of leptin to different dietary
regimens in combination with exercise in the female wistar rat.

1.3 The Research Aims

The primary aims of this study are to determine what influence fat has on
volitional physical activity. Specifically I wish to:1. Determine whether an increase in body weight decreases running wheel
activity in the rat.
2. Determine whether eating a high fat diet per se influences running wheel
activity in the rat.
3. Determine whether eating a high fat diet per se, causing rats to become
overweight, results in a decrease in running wheel activity.
4. Determine whether circulating leptin levels are influenced by exercise in rats
that are fed different diets.
5. Determine whether a correlation exists between circulating leptin levels and
liver glycogen levels in response to exercise.

1.4 Hypotheses
In humans, obesity is controlled by reducing dietary intake (mainly fat),
increasing exercise and modifying past behaviour. It has been shown that
overweight rats as well as humans (Oscai and Holloszy, 1969) tend to have
reduced ability to exercise as opposed to their normal body weight counterparts.

We therefore hypothesise that:

1. An increase in body weight causes a decrease in running wheel activity in the
female wistar rat.

2. Eating a high fat diet causes a decrease in running wheel activity in the female
wistar rat.

3. Eating a high fat diet causes an increase in body weight resulting in reduced
running wheel activity.

4. Circulating leptin levels will decrease with exercise.

5. There will be a negative correlation between circulating leptin levels and liver
glycogen levels in response to exercise.

Chapter Two
Literature Review
There are many factors, both biological and environmental, that can have an
influence on physical activity. Previous research has not been able to ascertain
why rats run in a revolving wheel cage (Sherwin, 1998). As the review of the
current literature shows, however, there are numerous possible explanations as to
why a rat may run. This chapter is divided into two sections: the first will focus
on biological influences in the rat in relation to spontaneous exercise, and the
second section will focus on environmental influences in the rat in relation to
spontaneous exercise.

Section 2.1: Biological influences and their effects on
exercise

2.1.1

Body weight and its influence on exercise

Does body weight play a significant role in the amount of physical activity an
animal will undertake?

Studies by Pitts (1984) demonstrated that, as a rat

increases its body mass, running activity decreases. Other studies by Stem and
Johnson (1977) showed that obese rats are always less active than non-obese rats.
Most studies tend to use exercise as a form of intervention for obesity, rather than
considering that obesity may influence exercise ability.

2.1.1.1 Exercise and its inf luence on body weight regulation
Exercise also influences body weight regulation.

Studies on humans have

provided evidence that individuals who exercise regularly have a greater
percentage lean body mass than sedentary individuals of the same weight
(Parizkova, 1963). Similarly, in studies on growing rats, animals that exercised
regularly were found to be leaner than sedentary animals that had their food
intake restricted, so both groups gained weight at the same rate (Jones et al,
1964; Crews et al, 1969). A study by Hanson et al (1967) showed that exercise,
at least at a rate where ad lib food intake is not increased, was found to reduce
body weight in young fat rats. It has also been demonstrated by Pitts et al (1977)
that mean body weight increases over time with the type of diet the rat ingests in
relation to activity (Figure 2.1). He found that the chow-fed exercised rats gained
the least body weight, and that conversely, the high-fat sedentary animals gained
the most weight over time.
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AD LIB ACTIVITY, CHOW (AC)
AD LIB ACTIVITY, HI FAT (AF)
WHEEL RUNNING, CHOW (WC)
WHEEL RUNNING, HI FAT (WF)
RESTRAINED, CHOW (RC)
RESTRAINED, HI FAT (RF)
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Figure 2,1: Mean growth in body weight (g) versus age (days) for each treatment group
(Pitts eta!., 1977).

The general conclusion drawn here is that exercise reduces body weight
irrespective of diet. The type of diet, however, will determine the extent to which
body weight will be reduced. It is nonetheless clear that increased physical
activity will lead to a reduction in body fat mass.

3 0009 0 3 3 1 7 4 2 7 2

As physical activity can determine body weight, so too can the age of an animal.
This will be discussed in the next section of the review.

2 . 1 . 2 Age and its influence on exercise
Several studies have demonstrated that running activity as well as food intake first
increase, then decrease, as a rat matures (Pitts, 1984; higram et al, 1982). Pitts
(1984) showed that both the chow- and high fat-fed animals displayed a steep
increase in activity between 25 and 50 days of age, and obtained a maximal
plateau from 50 until about 75 days of age, after which wheel activity decreased
over time (Figure 2.2). It was found that fat mass also increased after this time.

O W H E E L RUNNING, CHOW (WC)
• W H E E L RUNNING, H I F A T (WF)

50

75

ICO

125

AGE (DAYS)
Figure 2.2: Mean daily activity of wheel running male groups from 25 to 141 days of age
and from 200 to 231 days of age (inset). Group difference between 50 and 75 days of
age is statistically significant n=36 (Pitts, 1984).

Similarly, Goodrick (1980) showed that the voluntary wheel exercise pattern over
the life span of the rat was similar to that presented in previous studies above. It
was found that at 45 days of age, running activity increased, peaking at days 7881. As a rat matures, activity increases, then subsequently decreases, within
control groups. In addition, over time, this pattern is more pronounced in male
than female groups.

These observations may explain how age (and gender)

differences can influence exercise.

2.1.3

Gender differences

and their influence on exercise

Significant gender differences exist in the exercise patterns of male and female
rats. Titchenal, 1988 and Tokuyama et al, 1982, demonstrated that female rats
tend to run three to six times further than males. In these studies, when female
rats voluntarily run in a wheel, they tend to display fluctuations in distance run
from one day to the next. On one occasion a female rat might run up to 25km/day,
whilst on the following day it will run less than 3km. These authors suggested
that fluctuation in running activity may be attributable to the female oestrous
cycle, as these fluctuations are absent in males.

I took these results into

consideration in the design of the present study by measuring their oestrous cycles
during the 2 day testing period prior to placing animals in treatment groups.

The following section will focus on the oestrous cycle of the female rat and how
this might be an influential factor in running activity.

2.1.3.1 Oestrous cycle and its influence on exercise in the female rat

Over the past century, a more or less regular and definite oestrous cycle has been
recognised in a number of mammals. In 1917, Stockard and Papanicolaou
developed a histological examination called a vaginal smear. This was used to
observe signs of "being on heat" in the guinea pig. It required only the
introduction of a spatula or a pipette into the lumen of the vagina in order to
extract a sample of vaginal content. Observations were made based on staining or
appearance of the epithelium of the vaginal mucosa throughout the oestrous cycle.
This method led to the description of the oestrous cycle in the guinea pig, and
later in rats by Wang (1923).
Wang (1923) measured the oestrous cycle in the white female rat in relation to
spontaneous running activity. He found that rats had a four to five day oestrous
cycle that consisted of four stages: stage 1 (oestrus) was physically characterised
by the female accepting the male during copulation. At this stage the smear is
characterised by the presence of many large comified epithelial cells and few or
no other types of cell. In stage 2 (metoestrus), oestrogen levels have fallen,
vaginal epithelium starts to regress, and the smear is characterised, first by
comified epithelial cells plus increasing numbers of leukocytes, and later with
small nucleated epithelial cells. In stage 3 (dioestrus), oestrogen levels are at their
lowest, and the vaginal epithelium is fully regressed with some surface cells
mucified. The smear is characterised by many leukocytes, many small nucleated
epithelial cells, mucin, and very few comified cells. In stage 4 (pro-oestms),

oestrogen levels begin to rise, the vaginal epithelium is proliferating and the
surface layers are starting to comify. The smear is characterised by the absence of
leukocytes, many nucleated epithelial cells, and increasing numbers of comified
cells that become apparent towards late pro-oestrus. Some mucin may also be
evident in early pro-oestrus.

The oestrous cycle plays a major part in influencing running wheel activity in the
female rat. Studies have shown that running activity is at its peak during prooestrus (when oestrogen levels are at their highest) (Blaustein and Wade, 1976;
Anantharaman-Barr and Decombaz, 1989). Conversely, other studies have shown
that the oestrous stage signifies maximal running activity (Brobeck et al, 1947;
Kennedy, 1964; Finger, 1969; Drewett, 1973). Although pro-oestrus has been
found in some studies to be correlated with peak running performance, it is highly
ambiguous, as this stage of the cycle only lasts for a maximum of six hours prior
to the commencement of oestrus. Running activity is thought to be at its least
during dioestrus, where oestrogen levels are at their lowest (Anantharaman-Barr
and Decombaz, 1989; Brobeck eM/., 1947).

It has also been demonstrated that following ovariectomy, running activity is
diminished due to the cessation of the oestrous cycle, and food intake is increased
in female rats (Young and Fish, 1945). With the adminstration of exogenous
oestrogen injections following ovariectomy, running activity is reactivated (Stem

and Zwick, 1972). However, the oestrous cycle does not display 4-5 day
periodicity as is normally seen prior to ovariectomy (Gerall et al, 1973).
We can conclude that in the presence of the oestrous cycle, the hormone
oestrogen has been shown to influence physical activity in the female rat. This is a
stage where the desire for food is low and the desire for sex is high.
In addition, it has been demonstrated recently that a hormone called leptin has
numerous effects on the body, both on energy intake and energy expenditure.
2.1.4 Leptin levels and their influence on energy intake versus
energy expenditure

Since its discovery by Zhang and colleagues in 1994, leptin has been favoured in
attempting to explain a possible cause of obesity. Leptin has been demonstrated
as playing a vital role in controlling how much we consume (i.e. our energy
intake) and how much we expend through daily physical activities. Leptin has
been identified as having two primary functions: (1) to reduce the desire to
consume food (Balasubramanyam, 2000), and (2) to increase the desire to expend
energy (Pagano et al, 1999). This has been proven in many animal studies but
not in any human studies (Eckel et al, 1998; Ainslie et al, 2000; Pagano et al,
1999).

Normally, leptin is produced primarily in white adipose tissue, as well as in other
tissue around the body, and is secreted into the blood. There leptin is upregulated
by Ob transporter proteins and is taken up through the blood brain barrier and
attached to 'leptin receptors' (OB-R) in the hypothalamus (Tartaglia, 1997) and
choroid plexus. It is in the hypothalamus that leptin begins its influence on the
desire to eat and exercise.

The hypothalamus is the major centre controlling satiety. When leptin levels are
reduced in times of fasting or famine, the hypothalamus triggers consumption of
food and the preservation of energy by stimulating neuropeptide Y (NPY)
production.

NPY is the most abundant neuropeptide in the brain. NPY is known to be an
extremely potent stimulator of feeding behaviour. Leptin appears to act, at least
in part, by inhibiting NPY synthesis and release in the hypothalamus.
Additionally, mutations that interfere with signaling via the hypothalamic
melanocortin-4 receptor (melanocortins) lead to obesity that is at least partially
explained by perturbations of NPY expression.

When leptin levels are replenished following cessation of fasting or famine, the
desire to eat is diminished and the need to exercise is increased.

In obese

individuals, this control is somehow impaired and hence termed leptin resistance.
There are some explanations as to why certain individuals are leptin resistant, (for

example, they have faulty OB-R or transporter proteins), but at present the
mechanism of leptin resistance is still uncertain.
When rodents, or more specifically ob/ob mice, that are obese are given
exogenous leptin injections, they have been found to reduce food intake and
increase their energy expenditure, which results in a reduction in body weight
(Eckel et al, 1998). Unlike animals, in humans, energy expenditure does not
change. In humans, leptin is highly correlated with body fat mass, and although
this may be true for some obese rats (Rosenbaum et aL, 1996; Weigle et al,
1997), in obese individuals, there is usually an oversupply of plasma leptin. This
overabundance of leptin is unresponsive to the effects of food intake (Caro et al.,
1996). When exogenous leptin is administered to normal humans, there is no
effect on food intake and energy expenditure, as is found in rodents. When leptin
is injected into ob/ob humans, however, there is a huge decrease in food intake.
Since exercise training is known to alter body composition in humans, its effects
on leptin levels has been ambiguous. Prolonged and strenuous exercise, such as
marathon or ultramarathon training, may decrease leptin concentrations (Land et
al, 1997). Daily physical activity is not associated independently with circulating
leptin levels in normal men (Mantzoros et al, 1998). So far, physiological studies
have failed to reveal changes of leptin levels in response to moderate intensity
aerobic exercise in men (Hickey et al, 1996; Kohrt et al, 1996; Perusse et al,
1997; Racette et al, 1997). In contrast, moderate intensity aerobic exercise may

independently affect leptin levels in women (Hickey et al, 1997). In addition,
leptin may be independently associated with resting and total energy expenditure
in women, but not in men (Kennedy et al, 1997). Thus, the relation between
exercise or energy expenditure and leptin appears to be modified by gender and
intensity of exercise and needs further investigation.

The type of food consumed can also influence circulating leptin levels within the
body of an individual. It has been shown that when an animal consumes a diet
rich in fat, plasma leptin levels are higher than in diet-controlled animals (Jenkins
et al, 1997).

When an animal is fasted, plasma leptin levels are initially

dramatically reduced, but upon refeeding, plasma leptin levels are restored. This
process is similar to that found in humans (Boden et al, 1996), which may offer
an explanation as to why obese sufferers, once they have completed a diet, relapse
into regaining weight. Again, when plasma leptin levels are reduced in humans,
the desire to consume food is increased. On the other hand, it has been shown
that if an animal is fed a diet that is rich in carbohydrates and is then exposed to
fasting, its subsequent plasma leptin levels are better retained than when it is fed a
diet high in fat (Jenkins et al, 1997). Plasma leptin somehow regulates the
body's homeostasis and hence regulates body weight. If one can determine how
this mechanism operates in obese sufferers, then it follows that the mechanics of
leptin could somehow be controlled to treat obesity.

2.1.5

Liver glycogen levels and their influence on energy intake
versus energy expenditure

Exercise is commonly known to decrease glycogen content in tissues of animals
(Gorski et al, 1976) and humans. When our bodies participate in physical
activity, our tissues require glucose to power them. Control of the synthesis and
degradation of glycogen in the liver is regulated by the blood glucose level. The
concentration of glucose in the blood normally ranges from about 80 to 120mg
per 100ml in humans (Stryer, 1995). The liver senses the concentration of glucose
in the blood and takes up or releases glucose accordingly. During short bouts of
exercise, our plasma glucose will initially be called upon. Any further exertion,
and our glucose reserves will be called into play. In this case, glycogen, which is
predominantly stored in our muscles and liver, is called upon. This process is
called

glycogenolysis,

which means the conversion of glycogen into readily

usable glucose.
The rate of regeneration of liver glycogen stores after physical activity has been
found to depend on several factors:
1) The extent of glycogen depletion (Ivy, 1991; Zachweija et al, 1991; Saitoh et
aL, 1994);
2) The type of physical exercise performed (Doyle et al., 1993; Elwyn and
Burzstein 1993); and
3) The carbohydrate content of the diet (Costill, 1988; Coyle, 1991; Elwyn and
Burzstein, 1993).

Dietary carbohydrate is the only nutrient whose stored energy can be used to
generate ATP anaerobically. This is especially important in vigorous exercise
that requires rapid energy release above levels supplied by aerobic metabolic
reactions. In this case, stored glycogen and blood glucose must supply the main
portion of energy for ATP resynthesis (McArdle, Katch and Katch, 1991).
Studies by Saitoh et al (1996) have shown that rats that are fed diets rich in
carbohydrate have been found to have higher exercise endurance capacity than
their high fat-fed counterparts. They also demonstrated that the rate of liver
glycogen depletion is lower in carbohydrate-fed animals.

Studies by Garrido et al, (1996) showed that physical training induced a marked
decrease in the glycogen content in the liver (20%-30% of sedentary rats), in
animals fed simple (but not complex) carbohydrate diets.

Conversely, studies by Conlee et al, (1990) showed that when high fat fed rats
are exercised to exhaustion, ran for as long as carbohydrate fed rats, despite the
high fat fed rats having lower liver glycogen levels pre-exercise. Post-exercise
the rats were re-fed a high fat diet, which resulted in glycogen replenishment
within the liver and muscle. All rats were then exercised a second time to
exhaustion and found that they still ran similar distances. This showed that when
rats adapt to a high fat diet, endurance is not hindered.

Not only can physical activity be regulated by internal factors, but it can also be
influenced by the environment to which an organism is exposed.

Section 2.2:

Environmental influences and their effects
on exercise

2.2.1

Food intake and its influence on exercise

Many researchers have studied the effects of exercise training protocols on energy
intake. When laboratory rats are placed into voluntary wheel running cages, both
males and females tend to increase their energy intake (Titchenal, 1988). Rats will
not voluntarily run significant distances under normal circumstances. If both
male and female rats are exposed to running wheels with food freely available,
only very limited activity normally occurs. Females, however, tend to have higher
physical activity levels compared with males. Conversely, if animals are food
deprived, running activity increases (Livesey et al, 1972). When rats with access
to a running wheel are restricted to a fixed amount of food, consistent running
occurs (Russell et al, 1987). With the presentation of food once per day, food
intake usually decreases as wheel running increases. On the other hand, when the
wheel is removed, food intake increases (Jennings et al, 1974).

Running activity is also influenced by the amount of food provided.

The

methodology employed in determining this influence has been the addition and
withdrawal of food in relation to the presence and absence of a running wheel.
Previous explanations of the effect that food intake has on access to running
wheels have emphasised a strong biological influence. Running is considered
either to cause a satiety effect by altering the metabolic state, thereby reducing
appetite (Collier, 1970); or another compounding factor, such as environmental
stress, comes into play, which in turn reduces the desire to eat (Routtenberg,
1968).

Routtenberg (1968) showed that a rat fed for 1 hour per day maintains body
weight living in a standard laboratory cage, but if housed in an activity wheel it
increases activity markedly, is unable to maintain body weight, and dies.

Dwyer and Boakes (1997) also showed once an activity wheel is introduced into
the environment, a rat will increase its running activity while reducing its food
consumption.

Studies by Edmonds and Adler (1977) showed that male rats tended to display
increased bursts of running wheel activity before and after the periodic
presentation of food. They showed this by presenting the animals with food for
one hour at a fixed time each day and one hour of food presented at random.
Their findings concluded that the animals responded to this regimen by displaying

separate bursts of running activity. This activity occurred in one of three general
patterns:
1) One cycle of activity, either before the fixed or the random feed;
2) Two bursts of activity, one before the fixed feeding and one preceding the
random feeding; or
3) A burst of activity not entrained to either one of the feedings, but rather free
running between the two.
This may illustrate how food intake influences running activity and vice versa.
Food intake plays a vital role in determining the amount of physical activity an
organism will undertake. So too does ambient temperature. The next section
briefly reviews how environmental temperatures can modify a rat's running
activity.
2.2.2 Ambient (room) temperature and its influence on exercise

Changes in physical activity are closely correlated with changes in ambient
temperatures (Armitage et al, 1984; Gordon, 1989). A study conducted by Pierce
(1998) demonstrated that rats displayed differences in running wheel activity
when one group of rats were run during summer and the other group during
winter, and that this in turn could be related to seasonal variation. It is vitally
important to retain constant ambient temperatures throughout the experiment,
otherwise the amount of running activity will be affected.

Richter (1922) first demonstrated changes in spontaneous rat activity by varying
the ambient temperature.

He found that rat activity decreased at extreme

temperatures below 13^C and above 30^C and that activity increased at 23^C. He
was, however, unable to determine the "critical" point of activity due to the lack
of experimental equipment that was necessary in regulating laboratory room
temperature at the time of the study.

A later study by Browman (1943) also found that rat activity correlated closely
with environmental temperature. As the temperature increased, rat activity
decreased. A follow-up study by Browman and others (1944) confirmed that rats
tended to increase their running activity during periods of cold temperatures and
decreased their activity during periods of warm temperatures. Another study
conducted by Gordon (1990) also demonstrated that rats functioned best at
temperatures firom 18-25^C. The consensus, therefore, is that rats function at
their optimal physical capacity at standard temperatures of 18-25®C and reduce
their activities at both higher and lower temperatures.

Temperature and light have both been demonstrated to be environmental factors
responsible in part for the daily spontaneous activity rhythms of rats. As rats are
nocturnal creatures, ambient temperature cannot be individually reviewed without
looking at the involvement of the circadian response on physical activity, which
will be discussed in the next section.

2.2.3

The círcadían rhythm and its influence on exercise

Most terrestrial mammals can be classified as either diurnal or nocturnal. This
basic classification emphasises the importance of the light-dark cycle as the
instigator of circadian activity rhythms. It is well documented that light has an
influence upon the daily activity pattern of rats (Browman, 1942; Browman,
1952; Peng et al, 1980). This influence was first noted by Richter (1922), who
found that as the rat grows older, it becomes more active at night. At 60 days of
age, it is 1.34 times more active in the dark than in the light, and is also 2.90 times
more active in the dark if fed at the beginning of the dark period.

A study by Browman (1942) further investigated the effect of bilateral optic
enucleation on the voluntary muscular activity of the albino rat. He found that
this increased the rat's total voluntary activity as follows, expressed as a
percentage. Normal animals are 48% as active as blinded animals in continuous
light; 72% in the normal colony (12hr light/12hr dark cycle); and 99% in constant
dark. This study shows that by eliminating the 24/hr light-dark cycle, running
activity will occur at night or in a permanent dark-like phase. A follow-up study
performed by Browman (1944) again showed that normal female rats tended to
run during periods of cold temperatures and during the dark phase of the
light/dark cycle. The overall effect that he found was that blinded rats tended to
run further than normal rats. He believed that, due to the blinded rats being in
constant darkness, their blindness seemed to act as a substitute for the dark phase
of the circadian cycle (Figure 2.3).
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Figure 2.3:

Running wheel activity of normal female rats versus blinded female rats

during the 24hr light/dark cycle (Browman, 1944).

The circadian rhythm plays an important role in regulating a rat's running
activity. This can be deduced by the fact that normal rats tended to increase
activity during times of darkness and reduce activity during times of light.

Blinded rats, on the other hand, tended to increase their activity during periods of
cooler temperatures and decrease their activity during periods of warmer
temperatures, rather than being influenced by the light/dark cycle.

2.3

Chapter Summary

This literature review provided a brief analysis of the many factors that may
influence a rat's running activity. In utilising rats in the present study, we
hypothesised that body weight and fat consumption are primary variables in
determining why some animals tend to exercise more than others. There are
many compounding factors that can also influence physical activity. Biological
factors include age, gender and oestrous cycle. Environmental factors include
variations in food intake, ambient temperature and circadian rhythm. When these
factors are controlled, it follows that body weight and fat consumption will play a
vital role in determining physical activity. The following chapter outlines the
materials and methods employed to demonstrate that body weight and fat are the
primary factors in determining exercise output.

Chapter Three
Experimental Design and Procedures
3.1
3.1.1

Experimental Rationale
Background

Decreasing energy intake (mainly fat) and/or increasing exercise reduce obesity.
The main purpose of this thesis was to exam whether:
i)

an increase in body fat mass causes a decrease in running wheel activity;

ii)

eating a high fat diet causes a decrease in running wheel activity;

iii)

eating a high fat diet causes an increase in body fat mass, resulting in
reduced running wheel activity;

iv)

circulating leptin levels will decrease with exercise; or

v)

there will be a negative correlation between circulating leptin levels and
liver glycogen levels in response to exercise.

This chapter will describe the research design and methodology that were
implemented to test these hypotheses.
3.1.2

Habitual

lifestyle

of animal:

sedentary

versus

running

The experimental design involved two types of lifestyles: 1. Sedentary —
Animals remained sedentary in standard metabolic cages without running wheels
over a period of four weeks; 2. Running — Animals were allowed free access to
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stainless steel running wheels. The purpose of the design (see section 3.2) was to
determine whether the hfestyle of the animal predisposes it to becoming fat and
hence reduces running activity.
3.1.3

How does body weight reduce exercise?

The study by Pierce (1998) showed that rats that were inactive and eating a high
fat diet, had larger adipocyte cells and weighed more than their exercised
counterparts. The sedentary animals that remained in metabolic cages over four
weeks prior to the exercise period, ran 40% less distance when exercised than the
animals that were only exercised over a four week period. This 40% difference in
distance run could account for the difference in fat cell size.
Leading an inactive hfestyle results in an increase in fat cell size and a reduction
in lean body mass. To determine whether this increase in fat cell size was
attributable to a decrease in running wheel activity, two types of habitual
hfestyles were tested by Pierce (1998). One group of rats was placed on a
sedentary four-week regimen whilst consuming a specified diet (which will be
discussed in section 3.4), so as to allow the animals to increase their fat cell size.
Following this, the animals were introduced to running wheels for a further four
weeks, and were tested for running ability.

These findings were compared with the second group of rats, which was also
placed in a sedentary four-week regimen whilst consuming a standard laboratory
rat chow diet. At the conclusion of this period, the animals were placed into
running wheels for a further four weeks, where their diets were replaced with
other specified foods. By doing this, the group would increase their body weight.
3.1.3.1

How does eating fat directly reduce exercise?

The second hypothesis tested whether eating a specific amount of fat in the diet
resulted in a decrease in running wheel activity, hi other words, does dietary
composition determine physical performance? In the previous study by Pierce,
animals were fed only a high fat diet. To determine whether a high fat diet
directly or indirectly causes a decrease in running activity, three types of diets
were used:i)

High fat ad lib diet - this diet was used in Pierce's study and was
replicated in this study. Animals were given an amount of food that was
greater than the amount they could eat within a 24-hour period.

ii)

High fat energy restricted diet - this diet was chosen to allow this group of
animals to still consume the same percentage of fat in the diet as their high
fat ad lib counterparts, but at the same time prevent them from increasing
in body weight. That is, if it were the proportion of fat in the diet that
influenced running activity alone, without body weight interference, then
giving the animals this diet would be useful in testing this theory.

iii)

High carbohydrate ad lib diet - this diet was chosen because it contained a
low proportion of fat in the diet. The purpose of this diet was to disprove
that fat per se, not an increase in body weight, affects running wheel
activity.

If running activity remained the same between high carbohydrate and high fat
diets, then diet would not influence the amount of activity produced. If there were
a higher running activity in the high carbohydrate diet as opposed to the high fat
diet, then in theory fat would determine running activity. If there were a higher
running activity in the high fat diet than in the high carbohydrate diet, then fat
through some mechanism may influence running activity. Not only does the type
of diet composition influence running activity, but also how much is given to the
animal.

Another variable was added, which was ad libitum versus energy restricted fed
animals. If running activity were found to be increased in energy restricted fed
animals as opposed to their ad libitum counterparts, then not only would the type
of diet be affecting running activity, but also the amount of food presented to the
animal. If running activity were found to be similar in both groups, then the
amount of diet presented would influence a rat's inclination to exercise.

Though a high carbohydrate energy restricted miming group might have been of
interest, it was not possible within the scope of this study and with the hmited
equipment available to test this.
Studies have also shown that a diet high in carbohydrate (low in fat) enhances or
prompts exercise endurance in humans (Galbo et al, 1979) and animals (Ahrens
et al, 1971). If there were a difference in running activity in the high
carbohydrate sedentary group, then we would test it at a later date.
3.1.4

How does eating fat cause an increase in body weight

and a reduction in exercise?

It is common knowledge that in humans (Maughan, 1994) and animals (West and
York, 1998), an increase in the consumption of fat in the diet, accompanied by an
inactive hfestyle, leads to an increase in fat storage. This third hypothesis
integrates the first two hypotheses. Basically, feeding the animals these specific
diets, as well as subjecting them to either an active or inactive lifestyle, will
determine whether the duration of food consumed while being sedentary cause a
reduction in running wheel activity.

3.1.5

Age of animal

Literature has shown that age is an important determinant in the running activity
of rats. To ehminate this variable, all animals at the commencement of the
running period were of the same age (15 weeks).
3.1.6

Temperature and light

It is also known that varying degrees in temperature and amount of light (i.e.
seasonality effects) can alter rats' running activities. Initially, Pierce's study had
six rats running at the same time (e.g. March), eating the same diet (e.g. high fat),
followed by six rats running at the same time (e.g. September), eating the same
diet (e.g. high fat). By doing it this way. Pierce was unable to determine whether
the group of rats that ran 40% less distance than the other group was attributable
to diet or seasonality effects. To eliminate this variable, the protocol was
modified to reduce any seasonality effects. The aim was to keep age constant
therefore weight of rats was slightly variable. All rats between 200-25Og were
randomised into different diet groups. Occasional rats that weighed above 250g
were allocated so that no experimental block contained more than one rat over
250g. This will eliminate any chance that all the rats with greater body weights
would be placed into one diet group or alternatively all the rats with lower body
weights to be placed into another diet group.

3.2

Experimental Design

3.2.1

Animal selection tests

Other studies (Russell et al., 1987; Lambert et al., 1996; Swallow et al, 1998;
Peng et al, 1980) as well as Pierce's, have found that running can vary from rat to
rat. At present it is unknown why some rats prefer to run more than others do. To
eliminate the non-running rats from the current study, an animal selection test was
devised prior to the animal participating any further in the experiment.
Rats used in this study were selected from a pool of 43 female wistar rats at 10
weeks of age. To determine running ability, the animals were placed into running
wheel cages and were allowed to run voluntarily over a period of 2-4 days.
Vaginal smears were taken each day during the selection test to check for oestrus
(refer to section 2.3.1 for an explanation of the effects of the oestrous cycle in the
female rat). Rats that ran less than 1.5km/day at the time of oestrus were
eliminated from the study.
Twenty-five out of the 43 rats were selected to continue in the study. Two
animals were also excluded from the study as they had refused to eat the selected
diets. Thus 23 animals in total remained to participate in the study.

3.2.2

Sedentary period

Twenty-three animals at 11 weeks of age were placed into individual metabolic
cages. They were divided into four groups and pre-treated for four weeks with
the following diets:- high fat ad libitum {HF pre-treated}; high carbohydrate ad
libitum {HC pre-treated}; high fat energy restricted {HFr pre-treated}; and chow
ad libitum {pre-chow}. The animals did not participate in any form of running
wheel activity during this time; hence this part of the study is referred to as the
sedentary period (—refer to Figure 3.1 pg 37).
3.2.3

Running period

At the conclusion of the four-week sedentary period, the animals were placed into
running wheels and were allowed to run voluntarily for a further four weeks. This
part of the study is referred to as the running period. All animals remained on
specified diets; however, the animals that were pre-treated with chow were further
subdivided into two groups and were either fed high fat ad libitum {HF prechow} or high fat energy restricted {HFr pre-chow} diets. At the conclusion of
the four-week running period, all animals were sacrificed and blood and organs
were removed for future analysis (Figure 3.1 pg 37).
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Figure 3.1: Experimental Design. Diets: HF(pre-treated) - high fat ad libitum] HC(pretreated) - high carbohydrate ad libitum] HFr(pre-treated) - high fat energy restricted; and
pre-chow - standard laboratory rat chow.

Only six running wheels were available during the time of the study. Due to the
large number of animals participating in the study and the eight-week duration of
each experiment, the design was divided as follows :The experimental design was replicated five times, each consisting of eight
weeks' duration. Each experiment involved one rat per diet group, which was
chosen to take into account any "between group effects", e.g. seasonality, that
may have influenced the rats' running performance.
The animals were arranged into blocking groups. This entailed having equivalent
numbers of high and low runners, so that any bias towards running activity in any
one group would be ehminated. These running values were based on preliminary
selection tests (— refer to section 3.2.1).

3.3

Experimental Procedures

3.3.1 Animals and Housing

Twenty-three female wistar rats aged nine weeks were obtained from various
breeding laboratories around Australia.
Upon arrival, the animals were housed in pairs in standard plastic rectangular
boxes with a removable wire hd (30cm x 44cm x 17cm) over a period of one

week to acclimatise them to the surrounding environment. The animals were fed
standard laboratory rat chow and water ad lib during this time.
During the sedentary period of the study, the animals were housed in individual
metabolic wire bottom cages (25cm x 37cm x 17cm). Beneath each wire bottom
cage were stainless steel trays to catch faecal matter and food spillage.
During the running period of the study, the animals were housed in modified
stainless steel wheel cages (running wheel dimensions:- circumference: 116cm;
diameter: 34cm). An aluminium cylinder (diameter: 8cm) was attached to a
modified individual metabolic cage to allow the animal passage between the
running wheel and its living area.
All animals were housed in the University of Wollongong Animal House
according to NH&MRC guidelines and following approval by the Annual Ethics
Committee (ethics number AE99/02). Ambient temperature was monitored and
recorded at 17-22°C (50-85% humidity) using an ISUZU electronic
thermohygrograph (ISUZU Seisakusho Co., Ltd. Japan) and a 12-hour hght (0630
to 1830) / 12-hour dark cycle (1830-0630) was in place.

3.3.2

Dietary Composition

The animals were fed one of three diets: i) high fat (CHO-22%; FAT=57%;
PROTEIN=20%);

ii)

high

carbohydrate

(CHO=63%;

FAT-18%;

PROTEIN=20%); or iii) standard laboratory rat Chow (14300kj/kg) ( - refer to
Appendix A for diet compositions). The diets were made to have similar energy
densities so that the amount of kilojoules per kilogram was the same. This would
eliminate any effects of running behaviour in the rat. The total kilojoule content
within the high carbohydrate diet was therefore 13000 kj/kg, whilst in the high fat
diet it was 14000 kj/kg. This is only a 7% difference. All food was formed into
pellets as opposed to powder to reduce amount of spillage.

Since one of the variables being tested was body weight, animals in the restricted
group were required to keep their weights constant. In order to achieve this, food
was rationed from day to day according to each individual rats initial body
weight.

Eg. If rat weighed 250g at t = 0 wks, in theory body weight should

remain at 250g at t = 8 wks. If a rat puts on weight, less food was given.

3.3.3

Measuring body fat mass

Prior to each tail bleed, all animals were injected with ditritium oxide (10|aCi in
1ml of saline 9g sodium chloride/1 using the method of Rothwell and Stock
(1979). Blood volume was removed from the animal by "tipping" the tail and
blood was then allowed to drip into each vial. Each vial contained lOO^il of dried
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EDTA/Azide anticoagulant. All bleeding had to proceed after 120 minutes and
no later than 180 minutes from original injection time. This procedure was
carried out at 1=0,2,4,6 and 8 weeks of the study.
It must be noted that preliminary investigations by others in the same laboratory,
discovered that the measurement of fat mass could not be obtained due to the high
inaccuracy using the equations of Rothwell and Stock. This equation showed the
run rats having negative amounts of fat. This is clearly an error and indicates that
the coefficients used in Rothwell and Stock's method are inappropriate for lean
animals (Abolhassan, 2002). The method of Rothwell and Stock estimates fat
mass as the difference between lean body mass determined using tritiated water
and the total body mass. When fat mass falls to below 5-10% of total mass the
errors in the method are unacceptable. As a result, this method in measuring fat
mass was abandoned. Unfortunately, fat pads were taken at sacrifice for use in
other studies and were unavailable.
3.3.4

Measuring body weight

Body weight was measured daily by direct weighing on an electronic balance to
the nearest gram.

3.3.5

Measuring distance run

Cumulative running activity was monitored from a cyclometer attached to each
running wheel apparatus and recorded daily, and was expressed as
revolutions/day.
3.3.6

Food intake

Food intake was measured to the nearest 0.0Ig daily and was corrected for
spillage by subtracting the spillage from food offered.
3.3.7

Measuring the oestrous cycle in the rat

The stage of each rat's oestrous cycle was determined using a histological vaginal
smearing technique developed by Stockard and Papanicolaou (1917). This was
performed by inserting a cotton bud (Johnson & Johnson"^^) dipped in 0.9%
sodium chloride solution into the vagina of the rat. Cells from the wall of the
vagina were removed by a rotating action of the cotton bud and then smeared onto
a microscope shde and allowed to air dry for five minutes. Once dry, the slide was
then stained with methylene blue for microscopic examination. This smearing
procedure was performed each day during the four-day animal selection test
period, every second day during the sedentary period and daily during the running
period of the study (—refer to section 2.1.3.1).

3.3.8

Measuring circulating leptin levels

Serum leptin was measured at different stages of the experimental period.
Animals were bled via "tipping" the tail prior to the sedentary periods (T=0
weeks) and running periods (T=4 weeks), as previously mentioned in section
3.5.1. At the end of the eight-week study, the animals were sacrificed and 1ml of
blood was removed using the cardiac puncture procedure. Leptin was assayed
using a specific rat antibody RIA kit (Linco"^^) ( — refer to Appendix A for assay
description).
3.3.9

Measuring liver glycogen levels

Following rat sacrifice, a liver lobe

400mg) was extracted from each carcass

and freeze clamped with tongs cooled in liquid nitrogen, and then stored at -20°C
until future use. Approximately lOOmg of fi-ozen Hver lobe was used in the assay
for each rat using the method of Colwell et al, (1996). Briefly this consisted of
extracting the glycogen fi-om the liver, hydrolysing the glycogen with
amyloglucosidase and finally determining the amount of glucose
colourmetrically. Glycogen was quantitated by using a standard curve ( — refer
to Appendix A for assay description).

3.4

Sacrifice Procedure

All animals were sacrificed by exsanguination under surgical anaesthesia of a
120mg/kg intraperitoneal Nembutal® (Pentobarbitone Sodium) (Supplier Rhone
Merieux Australia Pty. Ltd. Qld). All animals were placed in the supine position
where a midline incision was made at the base of the abdomen and followed up to
the thorax using forceps and scissors. A 1ml syringe (Temmo®), using a 25
gauge (0.5 x 16mm) needle (Temmo®) (suppher LA.H.S. NSW), was inserted
into the apex of the heart, where 1ml of blood was removed. The blood was
placed into a microfuge vial (2.0ml) (eppendorf® U.S.) which contained 100|li1
freeze dried EDTA/Azide anticoagulant powder. All blood samples were
centrifuged at 10,000 rpm for three minutes in a Biofuge A centrifuge (Heraeus
Sepatech). Plasma was removed using a lOO^il pippette and was immediately
placed into another microfuge vial and stored at -20^C for later blood analysis.
3.7 Statistical Analysis

All data was expressed as mean ± sem. A one-way analysis of variance (SAS
Institute Inc, Gary, NC, USA) was performed to determine significance between
distance run and body weight; between dietary intake and body weight; and
between dietary intake and distance run between animal groups.
A one-way analysis of variance was used to test significant difference between
plasma leptin levels and diet groups; and between glycogen levels and diet
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groups. Paried t-tests (JMP - SAS Institute Inc, Gary, NC, USA) were used to
compare leptin levels at t = 4 weeks and t= 8 weeks.

Simple linear regression analysis was used to determine correlational significance
between serum leptin levels and liver glycogen levels.

Chapter Four
Results
The interaction between diet and exercise on energy balance.

This chapter reports on the several hypotheses that eating a high fat diet and/or being
fat, reduces a rat's ability to run. Results compared 5 diet groups: 1) High Fat (HF) ad
lib pre-treated group, 2) High Fat (HFr) restricted pre-treated group, 3) High
Carbohydrate (HC) ad lib pre-treated group, 4) High Fat ad lib pre-chow group and 5)
High Fat restricted pre-chow group. There was also 4 covariables measured, they were:
foods consumed, weight gained, changes in leptin levels and changes in glycogen
levels. Twenty-three animals were used in the study, however, 21 animals were used
when leptin levels were measured due to technical difficulties. Twenty-two animals
were used to compare serum leptin levels and body weight at t=8weeks. (— refer to
Appendix B for numerical data)
4.1

Distance Run

There was no difference between HC, HFr pre-chow and HFr pre-treated groups
(p=0.85) (Figure 4.1). Interestingly a 25% difference in total distance run was found
between the HF ad lib pre-treated group and the diet group that ran the most, however,
this was not significant.

200

£
•
Q>
U
C

HC(prc-treated)

0 HFr(pre-chow)

a

•

HFr(pre-treated)
HF(pre-chow)
HF(prc-treated)

Diet Groups

Figure 4.1: Total distance run over a 4 week period for pre-treated and pre-chow fed groups.
HFr(pre-treated) - high fat energy restricted; HF(pre-treated) - high fat ad libitum; HC{pretreated) - high carbohydrate ad libitum; HFr{pre-chow) - prefed chow then switched onto high
fat energy restricted diet; HF(pre-chow) - prefed chow then switched onto high fat ad libitum
diet.

This trend in total distance ran, was also maintained throughout the entire running
period so that the HF ad lib pre-treated group, consistently ran less than the other groups
(Figure 4.2). It was also evident that at the commencement of the running period, all
groups ran equidistant for the first 3-4 days. Following day 5 all groups particularly the
HF ad lib pre-treated group varied their running distances. This variation continued
throughout the entire 4 week period, however, they continually increased their running,
which suggested that the rats went through a training period earlier in the regimen.
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Figure 4.2: Cumulative distance run for pre-treated and pre-chow fed groups.

Figure 4.2 shows that there is lag in the amount of distance run in the HF ad lib group
as compared with the others. The following figure shows this lag in distance run up to
day 15. Further analysis still shows no difference in running even though it appears to
show this (p>0.05) (Figure 4.3).
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Figure 4.3: Average daily distance run for all diet groups. HFr{pre-treated) - high fat energy
restricted; HF(pre-treated) - high fat ad libitum; HC(pre-treated) - high carbohydrate ad libitum.
HFr(pre-chow) - prefed chow then switched onto high fat energy restricted diet; HF(pre-chow) prefed chow then switched onto high fat ad libitum diet. (N=23).

The physical activity in the female rat can be affected by its oestrus cycle. Figure 4.4
illustrates this phenomenon, whereby the rat's miming activity from day to day was
shown to be cyclical. It consisted of a four-day pattern of waves and troughs. What is
also shown is that daily distance run is always increasing even though the troughs are
still apparent. This may suggest that a rats' ability to utilise a running wheel requires a
training period or they could have gotten fitter. The rat seems to be able to pick up an
increased running capacity at day 15. All rats still maintain four-day cycles irrespective
of diet difference.
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Figure 4.4: Daily distance run for rat 37. This depicts the variation of running with one rat. (E)
refers to estrous of the rat.

4.2

Food Consumed

Diets were made equicaloric as to allow all animals to consume the equal weights of
food. The HC ad lib pre-treated group, overall consumed more food (900g) over the
four week period than the other high fat fed groups (p<0.05^) (Figure 4.5).
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Figure 4.5: Total food intake for pre-treated and pre-chow fed groups during a 4 week running period.
HFr(pre-treated) - high fat energy restricted; HF(pre-treated) - high fat ad libitum; HC(pre-treated) high carbohydrate ad libitum. HFr(pre-chow) - prefed chow then switched onto high fat energy restricted
diet; HF(pre-chow) - prefed chow then switched onto high fat ad libitum diet. (p<0.05^) (n - 23).
[-]- illustrates the bars encased within this symbol is in combination, statistically significant to other bars in
chart.

During the 4 week running period the HC pre-treated group consistently consumed
more food (grams) than their high fat fed counterparts. Followed by HF (pre-chow) and
HF (pre-treated). HFr (pre-treated and pre-chow) fed groups consumed the same
proportion of food, consistently throughout the 4 weeks of running, they consumed
around 200g less food compared with HF (pre-treated) group (Figure 4.6). The rate of
food intake did not change at week 15 when running activity increased.
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Figure 4.6: Cumulative food intake over a 4 week running period for pre-treated and pre-chow
fed groups (n = 23).

It was also found that HF ad lib pre-treated and pre-chow fed groups ate on average
more grams of fat per day (16g/day), than HFr pre-treated and pre-chow fed groups
(llg/day) and HC ad lib pre-treated consumed the least with (6.5g/day) (Figure 4.7).
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Figure 4.7: Grams of Fat consumed per day per diet group (n = 23).

HF(Pre-treatecl)

HC ad lib pre-treated fed group consumed more diet per day on average (35g/day), with
HF ad lib fed groups eating (27g/day) and HFr fed groups eating the least (20g/day).
There was a statistical significance between HC and HF ad lib groups (p<0.05*), also
between HFr and HF fed groups and between HC and HFr fed groups (p<0.05^) (Figure
4.8).
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Figure 4.8: Average daily food intake for all diet groups (p<0.05*'^) (n = 23).

There was no change in food consumed in the HFr diet groups (p>0.05). There was a
slight reduction in food consumed in both the HF ad lib and HC ad lib diets when
animals were placed in running wheels, but there was no statistical significance
(p>0.05).

There was a significant difference between HFr restricted and HC ad lib groups
(p<0.05*); HFr and HF ad lib groups (p<0.05^) and between HF ad lib and HC ad lib
groups (p<0.05+) for both during the sedentary and running periods (Figure 4.9).
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Figure 4.9: Comparison of total food Gonsumed during sedentary and running periods for pretreated diet groups only (HFr - High Fat energy restricted, HF - High Fat ad lib, HC - High
Carbohydrate ad lib) (p<0.05*^+) (n = 15).

Daily food intakes were also recorded during the 4 weeks of running and it was also
found to have a cyclical pattern as the daily distance running figure. The amounts
consumed per day varied with the most being around 55g/day to the least being around
20g/day.

This is an approximation as the high carbohydrate diet had a powdered

consistency, which resulted in a greater amount of spillage may explain why they
seemed to eat more (Figure 4.10).
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Figure 4.10: An example of a high carbohydrate ad lib pre-treated group's daily food intake and
how food eaten is varied from day to day.

4.3 Weight Sained
Over the entire 4 week period there was no statistically significant difference between
high carbohydrate ad lib pre-treated and high fat ad lib fed groups in body weight (292
± 9.4g and 285 ± 7.4g) respectively (p>0.05). There was significance between
combined high fat restricted fed groups and high carbohydrate ad lib pre-treated fed
group (p<0.05*) (Figure 4.11).
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Figure 4.11 : Mean body weight for all diet groups. HFr(pre-treated) - high fat energy restricted;
HF(pre-treated) - high fat ad libitum; HC(pre-treated) - high carbohydrate ad libitum. HFr{prechow); HF(pre-chow). (n = 23) (p<0.05*).

Overall high fat restricted pre-chow and pre-treated groups remained at a constant body
weight throughout the 4 weeks of running and had the least amount of body weight
compared with other treatment groups. High carbohydrate ad lib and high fat ad lib pretreated fed groups had the heaviest body weights throughout the 4 weeks of running.
The high fat ad lib pre-chow fed group had a reduction in body weight during the first 6
days of running their body weights did increase to match the high fat ad lib pre-treated
fed group. (Figure 4.12).

There was no significant difference in weight gained between the sedentary and running
period and between diet groups (p=0.928).

When diet groups were compared

irrespective of active vs inactive periods, there was also no significant difference
(p=0.056).
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Figure 4.12: Mean body weights for pre-treated and pre-chow fed groups over 4 weeks of
running.

HFr(pre-treated) - high fat energy restricted; HF(pre-treated) - high fat ad libitum;

HC(pre-treated) - high carbohydrate ad libitum. HFr(pre-chow); HF{pre-chow).
(n = 23).

Changes in body weight over the 8 week study (ie. 4 weeks of rats being sedentary and
4 weeks of running for pre-treated group only), overall, there was no significant
difference in body weight change within diet groups during the sedentary and running
periods (p>0.05). All groups contain n=5 (Figure 4.13).
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Figure 4.13: Changes in body weight over sedentary and running periods for pre-treated diet
groups only. HFr - high fat energy restricted; HF - high fat ad libitum; HC - high carbohydrate
ad libitum. (Total n = 15).

4.4

Changes in Leptin Levels

Leptin levels were measured before and after the 4 weeks of running. The results show
that prior to the running period (t=4 weeks), leptin levels are at their highest in both the
high carbohydrate ad lib pre-treated and high fat ad lib pre-treated fed groups (means
4.2 and 5.2 ng/ml) respectively. The only significant difference that was found was
between HF ad lib (pre-treated) group with HF ad lib (pre-chow), HFr (pre-treated) and
HFr (pre-chow) fed groups (p<0.05*).

HC (pre-treated) group was significantly

different to HFr (pre-treated) and HFr (pre-chow) fed groups (p<0.05^) but not to HF ad
lib (pre-treated) group (p>0.05) (Figure 4.14).

• HC(pre-treated)
Q HFr(pre-chow)
• HFr(pre-treatecl)
ffll HF(pre-chow)
m HF(pre-treatecl)

n=4

n=4

n=5

n=4

n=4

Diet Groups

Figure 4.14: Plasma leptin levels in all diet groups at t=4 weeks (n = 21) (p<0.05*'').

At the end of the 4 weeks of running, all plasma leptin levels had been significantly
reduced (p<0.05). What was found was the fact that the high carbohydrate ad lib pretreated fed group retained higher levels of plasma leptin than the other high fat fed
groups. The high carbohydrate ad lib fed group displayed a mean value of 1.9ng/ml
which was not significantly different to high fat ad lib fed groups. Both high fat ad lib
groups together averaged a plasma leptin amount of 1.56ng/ml but both high
carbohydrate ad lib and high fat ad lib groups were statistically significant to the high
fat restricted fed groups, which averaged the least with 0.66ng/ml (Figure 4.15).
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Figure 4.15: Plasma leptin levels in all diet groups after 4 weeks of running (t=8 weeks)
(p<0.05*'^) (n = 21).

A paired t test revealed that there was no statistical difference in the high carbohydrate
ad lib pre-treated fed group (p = 0.0699); nor any difference in both the high fat ad lib
pre-chow and high fat ad lib pre-treated groups (p = 0.3723 and p = 0.0512)

respectively. There was a difference in the high fat energy restricted pre-chow and pretreated fed groups (p = 0.0366 and p = 0.0358) respectively.
A positive correlation (r^ = 0.5096) between leptin and final body weight was detected
at t = 8 weeks. This figure indirectly measures body fat mass, through plasma leptin.
Where there is an increase in body weight there is an increase in plasma leptin levels
suggesting a higher body fat mass : lean mass (Figure 4.16).
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Figure 4.16: The relationship between body weight (g) and plasma leptin (ng/ml) levels for all
rats (n = 22). NB. One sample was damaged in freezer, (r^ = 0.5096; p < 0.05)

4.5

Changes in Glycogen Levels

There was a significant difference between some diet groups. The difference existed between
high fat ad Hb and high fat restricted fed groups (p<0.05*); and between high carbohydrate ad
lib and high fat restricted fed groups (p<0.05^) irrespective of whether they were pre-treated
with the same diet or chow. There was no significant difference between high carbohydrate ad
lib and high fat ad lib fed groups (p>0.05) (Figure 4.17).
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Figure 4.17: Liver glycogen content in all diet groups(p<0.05*'') (n = 23).

4.6

Effects between Leptin and Glycogen Levels

Overall, there was no correlational effects between plasma leptin levels and liver
glycogen levels (r^ = 0.2058; p > 0.05) (Figure 4.18). However, when they were
divided up into diet groups there was a negative correlation in the high fat diet ad lib
group (r =-0.633, p<0.05) but no correlation in the high fat restricted fed groups or high
carbohydrate ad lib fed groups respectively ( r^ = 0.464; p > 0.05 and r^ = 0.00796; p >
0.05).
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Figure 4.18: Regression for the comparison between leptin and glycogen at t-8 weeks for all
diet groups (n

= 22). (r^= 0.2058; p > 0.05).

4.7 Integrated Effects

The main variable tested was distance run. We wanted to determine how rats running
ability was affected by food intake (cumulative intake) and by weight gained over the
four week running period.
Overall, a one-way ANOVA revealed that body weight and food intake had no effect on
distance run. Based on these findings, a power analysis was introduced to determine
how many animals were needed to gain significance. The calculations showed that in
order for there to be a significant effect of distance run against the groups tested, we
would need approximately 560 rats per diet group to get a power of 90% with a
significance set to p < 0.05.

Chapter Five
Discussion

This chapter will be divided up into the following sections to discuss the main
findings of this study: 1) Distance run; 2) Eating activity, i.e. changes in body
weight and food consumed; and 3) Biochemical changes, such as leptin and liver
glycogen content during and after the four-week running activity respectively.
The central aim was to determine whether gross consumption and/or
macronutrient composition of food or body weight (amount of body fat gained)
affected running wheel activity in the female wistar rat. The results of the study
did not support any of the six hypotheses developed. There were, however, some
interesting non-significant trends, which may be useful in guiding further research
(see below). Other co-variables, such as distance run, food consumed and weight
gained, as well as some related biochemical indices (leptin, glycogen) showed
interesting changes. One finding was that body weight and food intake did not
influence running wheel activity in the female wistar rat. More animals will be
needed to support this inference.
Serum leptin levels and liver glycogen levels were measured in response to
exercise and they produced exciting results that warrant investigations in future
studies.

5.1

Distance Run

There were no differences between diet groups over the entire four-week running
period, even though both high fat ad libitum fed groups ran the least distance.
Although the high fat ad libitum pre-treated group ran 22% less total distance, this
was not a non-significant differencefi-omthe other groups.
Throughout the literature in this area, no study has determined why a rat runs in a
voluntary running wheel. Some speculate that the gender of a rat determines
running distance (Titchenal, 1988; Tokuyama et al, 1982). There is some
evidence.that age determines running activity (Pitts, 1984; Ingram et al., 1982).
Other evidence has shown that the influence arises from the oestrous cycle
(Blaustein and Wade, 1976; Anantharaman-Barr and Decombaz, 1989; Brobeck
etal, 1947; Kennedy, 1964; Finger, 1969; Drewett, 1973).
These variables were controlled in this study's protocol as follows: 1) Female rats
were chosen as they tended to run more than males; 2) All animals were of the
same age during running, i.e. 15 to 19 weeks old; 3) All animals were tested prior
to the beginning of the experiment for running capacity; and 4) To correlate
runnmg activity with oestrus, vaginal smears were performed during the testing
period. The rats could then be tested at their running maximum, rather than when
they are the least active. An interesting fmding showed that all rats had a 4-5 day
oestrous cycle and had varying degrees of running capacity. These results, like

many other studies, show that diet plays an integral part in determining how many
kilometres a rat will run.

This experiment revealed that fat could have reduced running wheel activity in the
rat, but it was not significant, partly due to the small numbers per group tested. A
large variance between running groups and within running groups was displayed.
The reason for this is at present unknown; however, there could be several
possible reasons as to why this occurred. All animals within the study were
obtained from three different animal breeding centres: 1) ARC (Animal Resources
Centre - Perth); 2) Gore Hill - Sydney; and 3) Adelaide. This variation in
breeding centres may have contributed in the differences in the animals' running
activity, although this may need to be looked at in more detail in future studies.

Another possible explanation could be the time of year that the animals ran, i.e.
seasonality effects.

Examples of this could be animals that ran in March

compared with those that ran in July, compared with those that ran in December.
Although the animal house was controlled for ambient temperature, the
thermostat was not reliable throughout the year and occasionally needed repair, as
was displayed in the hygrograph readings. Studies have demonstrated that rats
will not run in extreme temperatures, i.e. below 18°C and above 30°C, which may
imply that, depending on the season, running variability in rats would be the
result. This may have added variability that obscured the differences caused by
diet.

A power calculation on the distance run by all animals revealed that, based on
these results, we would need a total of 560 animals per treatment group to gain a
statistically significant difference between treatment groups.

This again

demonstrates the large variance in running rats. One possible explanation is that
seasonal variability may act as a greater variance in distance run as opposed to the
type of diet consumed.

5.2

Food Consumed

One of the hypotheses being tested was to determine whether "eating fat" would
reduce running wheel activity in the rat. The results did not statistically support
this hypothesis, although a non-significant trend was observed.

This trend

showed that not only did the high fat ad lib pre-treated group run at a maximum
of 22% less than the other diet groups, but they also consumed the most grams of
fat per day compared with any other diet group.

This result from eating fat was not due to differences in energy content of food,
since all diets were made equicaloric at the commencement of the protocol. This
study is unique in that the diets were made to be equicaloric, rather than
correcting for energy density mathematically once the experiment was completed.
If the diets had not been made equicaloric, this may have also influenced the
animals' physical activity levels. The diets were made equicaloric by simply
increasing (HF diet) or reducing (HC diet) water content. It was also found that
the high carbohydrate ad lib pre-treated group consumed the most food over the
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entire study; however, they consumed the least amount of grams of fat per day.
They still managed to run more distance than the high fat ad lib groups. This may
suggest that the amount of food consumed is less important than how much fat is
contained in the food that is consumed. Studies by Galbo et al (1979) have
shown that high carbohydrate fed men, when exercised to exhaustion, took longer
to fatigue than their high fat fed counterparts. Their study supports the nonsignificant trend that high carbohydrate fed animals ran further than high fat ad
lib fed animals. This could account for the plentiful carbohydrate stores that
favour both glucose oxidation and lactate production, which will in turn promote
positive exercise conditions for the animals to run.

This study implied by the data but did not prove that the high fat restricted pretreated and pre-chow fed groups ran the most out of all the diet groups. Even
though these animals received the least amount of fuel source in terms of food
supply, they still managed to have higher levels of running activity than their high
fat ad lib fed counterparts. This may suggest that the animals still had enough
energy supplied through their diet in order to sustain their physical activity levels,
or that they increased their running levels to search for additional food. Studies
have also found that an animal will increase its levels of running activity if food is
restricted (Livesey et al, 1972). A study by Titchenal (1988) showed that all
animals increased their food consumption when presented with a voluntary
running wheel, except in some instances where male rats displayed a reduction in
energy mtake. What was contradictory to these findings was that all animals in
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this study decreased their food intake once they commenced running activities.
Possible reasons for this may be because they were preoccupied with utilising the
running wheel; or because a greater amoimt of spillage may have occurred, as rats
tended to eat their food within the wheel, resulting in food spilled outside the
wheel and cage. Conversely, running activity may have caused a degree of
satiation, which reduced their desire to eat. It is possible that some other unknown
factor caused this reduction in energy intake that could not be examined within
the constraints of a Masters degree.
What can explained so far is that neither body weight nor eating fat influence
running activity, but rather the amount of fat eaten previous to exercise. Diet is
an integral part of influencing exercise, but it is only half the story. The second
half of the story concerns the amount of weight that is gained as a result of the
amount and type of food consumed by the individual.

5.3

Weight Sained

Another hypothesis was to determine whether "being fat" (i.e. having an
increased body weight) would reduce running wheel activity in the rat. Once
again it was found but not statistically proven that body weight did not affect
distance run in the high carbohydrate ad lib fed group, nor did it affect the high
fat energy restricted group.

Body weight did affect the high fat ad lib group, which resulted in reduced
exercise to a small but not significant extent. It remains to be determined whether
the difference in weight was a result of a difference in fat content. The body
weight of both the high carbohydrate ad lib and high fat ad lib fed groups were
equal pre- and post-exercise. The high fat restricted group had their food
restricted, resulting in their body weights remaining constant throughout the entire
study. It may be possible that by gaining weight through eating a dietrichin fat,
reduced levels of physical activity will result.
Studies by Chang et al (1993) found that when male rats were fed either high fat
or high carbohydrate diets, there was a higher level of activity measured in
running wheels in the high carbohydrate fed group than in the high fat fed group.
What was contrasting about this study was that Chang et al. did not control for
body weight, but body weight was merely an outcome of the diets that were
consumed in their study. This suggests that body weight alone does not directly
influence physical activity in the rat.
5.4

Integrated Effects of Food Intake and Weight

Gained

The third hypothesis was to determine whether a combination of both (hypotheses
1 and 2) "food consumed" (mainly fat) and "body weight" gained through eating
fat, reduces running wheel activity in the rat. The results of this study displayed in
Figure 4.1 showed a non-significant trend due to low number of animals used per

treatment group. The high fat ad lib (pre-treated) fed group ran 22% less total
distance run than the other groups. This may show a possible tendency to reduce
one's ability to perform physical activity by not only increasing one's body
weight, but also consummg a diet rich in fat.
5.5

Changes in Leptin Levels

Body fat levels determine leptin output in rodents and leptin levels affect physical
activity levels, at least in mice. The fourth hypothesis was to determine "leptin
levels" in rats and to see how these correlate with physical activity levels.
It was found that prior to the four weeks of running, plasma leptin levels were
higher in the high fat pre-treated ad lib and high carbohydrate pre-treated ad lib
groups, but were not significant between the two. At the end of the running period
(t=8 weeks), leptin levels were reduced by half in all the diet groups.
Numerous studies (Considine, 1997; Nara et al, 1999; Kowalska et al, 1999)
have supported the suggestion that leptin levels are decreased with exercise in
both animals (Zheng et al, 1996) and humans (Leal-Cerro et al, 1998).
It was also noted that leptin levels, although not statistically significant, were
found to be higher in the high carbohydrate ad lib fed animals post exercise than
the other groups. This in turn supports previous research that carbohydrates
somehow may retain or limit the decline in plasma leptin levels (Jenkins et al,
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1997). What is interesting is that all the treatment groups had their leptin levels
reduced by half after the four weeks of running, which may suggest that diet does
not influence leptin levels when exercise is introduced.
There is evidence to suggest that abdominal fat is reduced with exercise. In
addition, with a reduction in abdominal fat, there is a reduction in leptin levels;
and a reduction in food intake results in a reduction in abdominal fat (Leal-Cerro
etal, 1998).
Another interesting correlation that was found with leptin levels was how it varied
with body weight. A positive correlation was noted, which suggests that the
amount of leptin increases with body weight. This may suggest that leptin
indirectly measures body fat mass; hence, as body weight increases, so too does
body fat mass. Several studies have shown that leptin correlates with body weight
and in turn fat mass (Ryan and Elahi, 1996; Ravussin et al, 1997; Kolaczynski et
al, 1996).
If the amount of leptin influences physical activity as indicated in the literature,
then the high fat pre-treated ad lib group should have run the furthest of all the
animal groups. This was not the case, as it appears that both restricted fed groups
ran the most distance and the high fat ad lib group ran the least. This may suggest
that leptin is not an independent factor that can control physical activity. Some

r other mechanism may be involved in determining why a rat runs. Conversely, the
amount of animals in the study may have been too low.

5.6 Changes in Glycogen Levels

Liver glycogen levels in Figure 4.17, were found to be significantly higher
(p<0.05) in both the high carbohydrate and high fat ad lib fed groups than in the
high fat energy restricted fed groups. A possible reason for this is that animals
that are allowed to consume as much food as possible will routinely overeat
(hyperphagia) (Blundell et al, 1995; Ramirez and Friedman, 1990). Hyperphagia
may result m little of the food being used up forfiieland the rest being stored as
glycogen and fat in the liver and other respective depots for fat. When an animal
exercises, glycogen is converted into glucose through a metabolic process called
'Glycogenolysis'. The high carbohydrate fed group had higher levels of glycogen
in the liver at the end of the running period, but still managed to be one of the
highest running groups.
In theory, the more an animal runs, the less glycogen it will have at the end of the
running period. This is indicated by the results of this study. The high fat fed ad
lib group ran the least, but retained a high amount of glycogen in the liver. On the
other hand, the high fat energy restricted groups ran the most, and had the least
glycogen present at the end of the run. A study conducted by Garrido et al (1996)
demonstrated that animals that are fed a diet rich in carbohydrate tended to retain
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r higher levels of liver glycogen when exercised over long periods of time. In
summary, liver glycogen levels were still reduced with physical activity; however,
it appears that diet may not have influenced the amount of glycogen retained in
the liver.

5.7 Integrated Effects of Leptin Levels and Glycogen
Levels
There is little research to date into how plasma leptin levels affect liver glycogen
levels. The final hypothesis, therefore, was to determine whether a correlation
exists between serum leptin levels and liver glycogen levels in response to
exercise. • These results show conflicting data relating leptin and glycogen to
exercise between groups. As predicted, there was a negative correlation

-

0.633) between leptin and liver glycogen levels in the high fat fed rats. This may
suggest that, with exercise, leptin levels are reduced and so too is glycogen. As
our bodies use up glucose, it, in turn, begins to use up energy stores such as
glycogen upon exercise.

On the other hand, there was no such correlation between leptin and glycogen
within the high carbohydrate or both the high fat energy restricted fed groups. In
theory, having high leptin levels results in increased energy expenditure and
hence decreased glycogen stores. At this point, the mechanism underlying why
the high fat restricted fed group ate the least, had the lowest mean body weights,
and the least leptm and liver glycogen levels, yet still managed to run similar
77

distances to the other ad lib fed groups, is unclear. Perhaps it was merely their
physiological desire to search for food which prompted them to increase their
physical activity, as was commonly found in the literature (Livesey et al, 1972;
Russell et al, 1987). Also, because they had a lower body weight than the other
dietary groups, they were able to run further. This may not be the case, however,
as the high carbohydrate fed group still managed to run further than the high fat
fed group, even though their body weight means did not differ statistically.

5.8

Conclusion and Future Directions

Based on the results of the study, it cannot be concluded at this stage, that 'Tat",
whether as a result of being fat or eating fat or a combination of the two,
influences running wheel activity in the female wistar rat. Non-significant trends,
however, suggest that physical activity was found to be reduced in the high fat ad
lib pre-treated group due to several possible reasons. First, the animals were
consuming a diet rich in fat for a longer period of time, i.e. eight weeks as
opposed to four weeks. Second, body weight was found to be higher in this group
than in the energy restricted group. The percentage of fat consumed within each
diet was greater. Plasma leptin levels were found to be higher in this group,
which suggests a higher fat mass: lean body mass. Lastly, liver glycogen levels
were found to be significantly higher than that of the energy restricted groups.
Due to the small sample size (n=23), the hypotheses were unable to be answered
within the constraints of a Masters thesis. A larger sample size, as calculated
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from the power analysis, will be needed to determine the significance and validity
of this finding.

Possible future directions would be to measure bouts of running activity to
determine how each animal's running patterns are collated. This would entail
measuring body fat mass by direct weighing of tissue such as perirenal, gonadal
and subcutaneous depots. This may give a more accurate percentage of body fat
mass in the animal, as opposed to merely measuring plasma leptin concentrations.
Due to the short number of animal wheels, it may prove beneficial to increase the
number of running wheels in order to reduce seasonal variability and also the
number of animal litters to be used. An increase in sample size is definitely
required, as not all animals run consistently at any given time. Finally, muscle
glycogen stores should be measured, as they are the first to be reduced during
physical activity and may have more accurate glycogen values to help find more
conclusive answers.

All the diet groups ran similar distances except for the high fat ad lib fed groups.
The high carbohydrate pre-treated diet group could be removed, as they did not
display different running distances from high fat restricted pre-chow or pretreated groups. Conversely, an extra high carbohydrate pre-chow group could be
added, to see if running distances are different from the high carbohydrate pretreated group.

Due to the large variance in running distance between groups, and especially
within groups, it would be beneficial to increase the number of animals per
treatment group in order to reduce the variability.

Based on these results, fiiture

studies may need to obtain animals from one site as opposed to numerous sites.
This could also reduce any variability in the final data. There was a great
variability between the sites that may have altered the final results. Although this
is inconclusive, we can stipulate that this may have occurred.

To reduce seasonality effects, if any, the number of running wheels would need to
be increased to allow more animals to run at the same time of year, thereby
further reducing variability in the final data.

In answer to the question: "Does fat influence running wheel activity in the
female wistar rat?", at this stage the answer is simply, "no". Does being fat
reduce one's ability/desire to become physically active? Or does eating fat reduce
one's ability to become physically active? Or does eating fat lead to becoming fat
and hence reduces one's ability/desire to become physically active? Due to the
various factors explained above, these questions cannot be answered in this study,
but future investigations may move closer to finding a resolution to this simple
yet perplexing dilemma that is an ever-increasing manifestation in our western
societies today.

Chapter Six
Appendix A

Rat Leptin Assay Procedure (RIA)
NB. The leptin assay will normally take 3 days to complete.
1.
2.
3.
4.
5.

Dayl:
Label all glass test tubes in duplicate with a pemianent marker ie. tube #
1,2,3,4 etc. NB. Test tubes need to be glass in order for the pellets to stick to
base of tubes as other tubes (eg. plastic) will not allow the pellets to adhere
sufficiently.
Thaw out all plasma samples and place into racks.
Once samples are thawed vortex each sample in turn before pippetting into
test tubes using a displacement pippett.
Follow instructions (flow chart) on sheet that came with leptin kit. NB. 50|il
of samples can be used in place of 100|il if sample volumes are
limited....however, an extra 50|al must be replaced with buffer (colourless
solution).
Once completed, vortex and cover all samples with aluminum foil and leave
on lab bench at room temperature to incubate over night (20-24hrs).

Day 2:
1. Follow instructions on sheet ie. add lOOjil of label ^^^I-rat leptin (pink
solution) to all test tubes, again vortex, cover with foil and leave to incubate
at room temperature over night (20-24hrs).
1.
2.
3.
4.
5.
6.

Day 3:
First thing in the morning at least 1 hour prior to adding precipitating reagent
to all test tubes, go into Lee Asthiemer's lab and turn on the Centrifuge
(Sorvall® RT 6000D) and set temperature to 4®C.
Add 1.0ml of cold (4®C) precipitating reagent (green solution) to all tubes
except total count tubes (1 and 2).
Vortex and incubate for 20mins at 4®C.
Add tubes into centrifuge making sure that all tubes are distributed evenly for
spinning.
Once tubes are in, lower lid, turn knob to "locked" position, set timer to spin
for 30mins at 6 x 1000 Rev/min.
Decant test tubes by binding 8 tubes with a rubber band, inverting them once
into a large beaker, then placing them face down onto some sheets of paper
towelling on the bench. A white pellet should have been formed by this
stage, make sure that the pellet remains at the base of the tubes, if slipping is

occurring turn the tubes the right way up to prevent sHding. NB. If need be,
return the tubes to the centrifuge and spin for a further lOmins. If this is
unsuccessful attempt to remove fluid without spilhng the pellet any way that
you can. Otherwise consider discarding sample altogether, or reading it
anyway but keeping in mind that an error could occur.
7. Once tubes inverted, move to a dry part of the paper towel and with one hand
apply pressure to the tubes by pressing down on them to remove any excess
fluid that may have formed around the lips of the tubes.
8. Place each tube in turn into the racks of the gamma counter (1-10, 11-20 etc).
9. Using the gamma counter use the protocol called "12 Michelle" this should
automatically count all samples for 1 min each. Samples should be printed
and saved onto a PC disk (not mac formatted). NB. At the end of all the
samples a "stop" rack should be placed so that the gamma counter will know
when reading is no longer required.

Glycogen Assay Procedure
Equipment:
10ml polyproylene centrifuge tubes
Whatman 2mm chromotography paper (1.5cm* 1.5cm)
20ml glass scintillation tubes
High speed agitator
Chemicals:
Potassium hydroxide (KOH) (IM)
70% Ethanol (350ml/150ml)
Acetone
Glucose assay mix
Amyloglucosidase
Standards:
Glycogen standards (home made, 2mg/ml) ^
Glucose assay mix from kit
Methods:
1. Add 1 ml KOH (IM) to polyproylene centrifuge tubes (1 tube per
sample).
2. Weigh out approx lOOmg of tissue and drop immediately into KOH.
Keep a record of extract tissue weight.
^
3. After all tissues are weighed out, place hds on tubes and heat at 70 C
a b o u t 3 0 minutes of until tissue is fully digested. Shake tubes and
f o r

loosen Hds occasionally during incubation. Allow to cool.
4. Take the Whatman 3mm chromotography paper. Label them in one
comer with a pencil only. Make a crease in the centre of each square of
form a tent and place on a lid covered with foil to prevent the square

from laying down flat and digest from soaking through the paper onto
the bench.
5. Pipette rephcates of 50ul and lOOul (20 and 40ul for hver, 10 and 20ul
for fed liver) of the tissue digest onto labeled filter paper squares
(1.5*1.5cm; Whatman 3mm chromotography paper). Remember to set
up standard squares using 0,20,40,60,80 and lOOul of 2mg/ml glycogen
standards (home made) and treat them the same as all the other squares.
6. Let all squares completely air dry.
7. Place each square into a 20ml glass scintillation vial and add 2ml 70%
ethanol. Shake at room temperature for 20 minutes (high speed).
8. Aspirate ethanol and repeat step 6 (*1).
9. Add 1 ml acetone to each vial, shake and allow to fully dry (overnight).
10. Add 2ml glucose assay mix (from kit) to eat vial.
11. Add 200ug amyloglucosidase (in total volume of about 20ul) to begin
reaction.
12. Incubate at room temperature for 45 minutes.
13. Take 200ul from each vial and place in micro plate well.
14. Read immediately at A510.

RAT LEPTIN RIA KIT
2 5 0 TUBES (Cat, # RL-83K)

linco's Rat Leptin Radioiimnimoassay (RIA) mt

has been developed to quantitate l a t leptin In
serum, plasma, and tissue culture media. It is a
completely homologous assay since the antibody
was raised against highly purified rat leptin and
both the standard and tracer are prepared with rat
leptin- This

lot isjbrreseaix:hpiiijx3ses

only.

Reagents Supplied
Do not mix reagents from different kits unless they
have the same lot nimiber.
1.

Assay buffer (0.05M Phbsphosaline, pH 7.4,
containing 0.025M EDTA, 0 , 1 % Sodiimi Azide,
0.05% Triton X-100, and 1 % RIA grade BSA).
4 0 ml.

2.

Rat Leptin Antibody, produced in guinea pig,
2 6 mL

3.

l25i.R2Lt Leptin Label (<3 uCi. <111 kBq).
Lyophilized for stability/Hjrdrate using entire
contents (27 ml) of label hydrating buffer.i
Allow to sit at room temperature for 3 0
minutes with occasional, gentle .mixing.

4.

Label Hydrating Buffer containing normal
guinea-pig IgG as a carrier, l^^i.^^t Leptin
must b e hydrated with the entire contents of
the label hydrating buffer.

5.

Rat Leptin Standards, 1 ml each: 0.5, 1 , 2 , 5,
10,20, 50 ng/mL

6.

Quality Controls 1 (low) and 2 (high) , 2 ml
each.

7.

Precipitating Reagent 2 6 0 ml.

r

SLeagent Storage
Re&igerate all reagents between 2° and 8°C upon
arrival. For prolonged storage (>2 weeks), freeze
all reagents at -20" to -70°C. Avoid multiple (>5)
freeze/thaw cycles. Hydrated tracers may also be
stored in this manner.

Procedure^
Sample CollTOtion and Storage
1-

A maximum of 100 [d per assay tube of serum
or plasma can b e used. Smaller volumes of
sample may be used when leptin
^
concentrations are anticipated to b e elevalied
or w h e n sample size is limited. Additional
buffer must be added to compensate for the
difference so the volume is equivalent to 100
Ld, e.g., when using 50 \il sample, add 50 jil
buffer. (See the note under the "Calculations
sectioEtJ

2. • Samples can be stored at 4°C if they will be
tested within 24 hours of collection. For
longer storage, samples should be aliquoted
and stored at -20® to -70®C, Avoid multiple (>5}
^ freeze/thaw cycles.
3.

Care must be taken when using heparin as an
anticoagulant, siiice an excess will provide
falsely high ^ u e s . Use no more than 10 lU
'heparin per ml of blood collected.

4.

Avoid using samples with gross hemolysis or
lipemia.

Assay Set-up
Borosilicate glass tubes (12 x 75 mm) are
recommended for this procedure.
NCXTE: Polypropylene or polystyrene tubes may be
used if the investigator finds the pellet stability is
acceptable in their ^ t e m .
For optimal results, accurate pipetting and " adherence to the protocol are recomrnendecL
1.

Pipet 300 111 of assay buffer to the non-specific
binding CNSB) tubes (3-4). 200 pi to the
reference (BQ) tubes (5-6) and 100 [j1 to tubes 7
through the end of the assay.

2.

Pipet 100 jil of standards and quality controls
in duplicate (see Assay Procedure Flow Chart).

3.

Pipet 100 ^ of each sample in duplicate.
. (NOTE: Smaller volumes of sample may be
used when leptin concentrations are
anticipated to be elevated or when sample size
is limited. Additional buffer must be added to
compensate for the difference so the volume is
equivalent to 100 pi, e.g., when using 50 jil
sample, add 50 pi buffer.)

4.

Pipet 100 pi of rat leptm antibody to all tubes
except total coimt tubes (1-2) and NSB tubes (3-4).

5:

Vortex, cover, and incubate overnight (20-24
hours) at room temperature.

NextDay
6.

Pipet 100 pi of ^ I - r a t leptin to all tubes,

7.

Vortex, cover, and incubate overnight (20-24
hours) at room temperature.

Second Day
8.
9.

Add 1.0 ml of cold (4°C) precipitating reagent
. to all tubes except total count tubes (1-2).
Vortex and incubate 20 minutes at 4°C.

Centrifuge, 4'C, all tubes [except total count
tubes Cl:2Jj for 2 0 minutes at 2,000-3.000 xg.
NOTE: Ifless than 2 , 0 0 0 xg is used or if slipped
pellets have been observed in previous runs,
the time of centrifiigation must be increased to
obtain a firm pellet (e,g.. 4 0 minutes).
A swing-bucket rotor is recommended.
Conversion of rpm to xg:
xg= (1.11 X10-5J W (rpmp
r = radial distance in cm (from axis of rotation
to the bottom of the tube)
rpm = rotational velocity of the rotor
Immediately decant the supemate fix>m all
tubes except the total coimt tubes (1-2), drain
tubes for 15-60 seconds (be consistent between
racks), and blot excess liquid from lip of tubes.
NOTE: iTwert tubes only one time. Pellets are
fragile and slipping may occur.
' Comit all tubes in a gamma coimter for 1
minute. Calciilate the ng/ml of rat leptin in
unknown samples using automated data
reduction procedures (see the following
"Calculations" section).

Assay Procedure Flow Chart
Buffer
300 pi
200 }il

100 41I

Standard/QC
Sample

100 id of 0.5 ng/ml
1 ng/ml
2 ng/ml
5 ng/ml
10 ng/ml
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lOOjdofQC 1
iOOUilofQC2__
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Interpretation
Linco recommends that each laboratory establish
a normal fasting range.

Pexfonnaiice
EDso =
± 0.1 ng/ml
ED50= 3.6 ± 0.4 ng/ml
ED20 = 11-5 ± 1-3 ng/ml
Crossreactivity
» RatLeptin
. Mouse Leptin
. Human Leptin

•
Insulin
Glucagon

100%
100%
<2%

SRIF

Not Detectable
Precision
Within and Between Assay Variation
Sample
No.

Mean
ng/ml

1
2
3
4

1.6
3.3
6.8
11.6

Between
%CV

Within
• %CV

4.8
3.0
5.7
5.7

2.4
4.1
2.0
4.6

Within and between assay variation was performed on four
rat serum samples containing vaiying concentrations of rat
leptin. Data (mean and % CV) shown are from five duplicate
determinations of each serum sample in four separate
assays.
"Rccoveiy
Spiking Recoveiy of Leptin in Fat Serum
Sample
No.
1
2
3
4

Leptin
Added
ng/ml
0
2
5
10

Observed
ng/ml

E:q)ected
ng/ml

1.6
3.3
6.8
11.6

__

% Recove

3.6
• 6.6
11.6

Vaiylng concentrations of rat leptin were added to four rat
serum samples and the leptin content was determined by FIA.
Mean of the observed levels from five dupUcate determinations
In four separate assays are shown. Percent recovery was
calculated on the observed vs. expected.

—
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103
100

diet compositions

High Carbolivdrate diet
Ingredients
weight %
g/kg
Starch(Cornflour)
400
40.00
Sucrose(White)
77
7.69
Casein
135
13.46
Gelatin
19
1.92
Methionine
2
0.15
Minerals
27
2.69
Vitamins
8
0.77
Fibre(methylcellulose)
38
3.85
Oil(safflower)
64
6.38
Water
231
23.08
Total weight(g)
1000

Hiah Fat diet
kj content g/kg
weight %
6688.00
139
13.88
1286.15
54
5.36
2250.77
139
13.94
321.54
32
3.15
25.72
2
0.19
n/a
30
3.03
n/a
9
0.88
69
6.88
211
2401.89
21.14
n/a
315
31.55
1000
12974.08
total kj/kg content

total kj/kg content

Safflower Oil Breakdown
Saturated Fat
Linoleic Acid (Omega-6 Polyunsaturate)
Oleic Acid (Omega-9 Mono-unsaturate) •

High Carbohydrate
2.04%
12.22%
4.26%

Pan« 1

High Fat
6.22%
37.33%
13.01%

oo
oo

kj content
2320.76
896.66
2331.31
527.44
31.65
n/a
n/a
7951.23
n/a
14059.04

DIET

MEAT FREE RAT AND MOUSE

A fixed formulation diet for Laboratory Rats and Mice fortified with vitamins and minerals to
meet the requirements of breeding animals after the diet is autoclaved or irradiated.

Calculated Nutritional parameters
Protein
Total Fat
Crude Fibre
Digestible Energy

19.0 %
4.6 %
4.5 %
14.3 MJ/Kg

IngredieRts

A fixed formula ration using the following
ingredients.
Wheat, Lupins, Barley, Soya meal. Fish
meal. Mixed vegetable oils, Canola oil, salt,
Calcium carbonate, Dicalcium phosphate,
Magnesium oxide and a Vitamin and trace
mineral premix.

Added Trace Minerals

Magnesium
Iron
Copper
Iodine
Manganese
Zinc
Molybdenum
Selenium

WP Rat&Mouse.lwp

100 mg/Kg
70 mg / Kg
16 mg/Kg
0.5 mg / Kg
70 mg / Kg
60 mg / Kg
0.5 mg/Kg
0.1 mg/Kg

f

FEEDING RECOMElNDAtlONS
Feed ad-lib to animals of all ages

DIET FORM

12mm diameter cubes. Packed in 10 or 20
Kg bags.

Added Vitamins

Vitamin A (Retinol)
Vitamin D3
(Cholecalciferol)
Vitamin K (Menadione)
Vitamin E
(aTocopherol acetate)
Vitamin B1 (Thiamine)
Vitamin B2 (Riboflavin)
Niacin (Nicotinic acid)
Vitamin B6 (Pyridoxine)
Calcium Pantothenate
Biotin
Folic acid
Vitamin B12
(Cyanocobalamin)

Page 1 of 2

10,000 lU/Kg
2,000 lU/Kg
2mg/Kg
100 mg/Kg
6 mg / Kg
6 mg / Kg
25 mg/Kg
6 mg / Kg
20 mg / Kg
100 ug/Kg
2 mg/Kg
30 ug/Kg

C:\My Documents\DATASHEE\Lab_Animal
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Calculated Aminn AOÌ^^
Valme
Leucine
[soleucine
Threonine
Methionine
Cystine
Lysine
Phenylalanine
Tyrosine
Tryptophan

0.84 %
1.3%
0.7 %
0.7 %
0.2 %
0.3 %
0.9 %
0.8 %
0.5 %
0.2 %

Calculated total Vitaitiins

Calciilated total Minerals
Calcium
Phosphorous
Magnesium
Sodium
Potassium
Sulphur
Iron
Copper
Iodine
Manganese
Cobalt
Zinc
Molybdenum
Selenium
Cadmium
Chromium

0.75 %
0.7 %
0.2 %
0.2 %
0.7 %
0.1 %
370 m g / K g
24 m g / K g
0.5 m g / K g
340 m g / K g
no data
90 m g / K g
0.5 m g / K g
0.4 m g / K g
no data
no data

VitammA (RetinoD
Vitamin D3
(Cholecalciferol)
Vitamin E (Tocopherol)
Vitamin K (Menadione)
Vitamin C
(Ascorbic acid)
VitammBl (Thiamine)
Vitamin B2 (Riboflavin)
Niacin (Nicotinic acid)
Vitamin B6 (Pvridoxine)
Pantothenic acid
Biotin
Folic acid
Inositol
Vitamin B12
(Cyanocobalamin)
Choline

10,900 lU/Kg
> 2,000 lU/Kg
31mg/Kg
2mg/Kg
no data
lOmg/Kg
7.3 mg/Kg
70 mg/Kg
9mg/Kg
30 mg/Kg
200ug/Kg
2.5 mg/Kg
no data
30ug/Kg
1000 mg/Kg

Calculated Fat Composition
Myristic Acid 14:0
Palmitic Acid 16:0
Stearic Acid 18:0
Palmitoleic Acid 16:1
Oleic Acid 18:1
Gadoleic Acid 20:1
Linoleic Acid 18:2 n6
a Linolenic Acid 18:3 n3
Arachadonic Acid 20:4 n6
EPA 20:5 n3
DHA 22:6 n3
Total Carotenoid
Total Phospholipid
Cholesterol

0.03 %
0.5 %
0.15%
0.01 %
1.9%
0.03 %
1.3 %
0.3 %
trace
0.04 %
0.08 %
no data
no data
trace

Calculated data uses information from typical raw material composition. It could be expected that
individual batches of diet will vary from this figure.
We are happy to provide full calculated nutritional information for all of our products, however we
would like to emphasize that these diets have been specifically designed for manufacture by Glen
Forrest Stockfeeders.

WP Rat&Mouse.lwp
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Chapter Seven
Appendix B
Figure 4.1: Total distance run (km) (Pg 46).
Diet group
HF(pre-chow)
HFr(pre-chow)
HFr(pre-treated)
HC(pre-treated)
HF(pre-treated)

total distance run(km) STD
S.E.M.
136 49.5677
24.7838
154
94.7625 47.3812
156
88.8937
39.7545
149
86.7913
38.8143
117
75.7087
33.858

Figure 4.2: Cumulative distance run for pre-treated and pre-chow fed groups (Pg 47).
Days running
Diet group
0
3
HF(pre-chow)
0 4.099
75
HFr(pre-chow)
0 4.041
25
HF(pre-treated)
0 1.563
cO
HFr(pre-treated)
0 3.657
g
HC(pre-treated)

21
86.3663
98.4205
77.2434
110.764
103.488

24
107.491
123.279
96.5132
132.438
129.39

0 2.736
4

6
13.6298

9
23.1338

12
33.6988

15
49.3278

18
65.781

10.3488

15.901

38.0265

64.5093

79.946

4.7868

10.5244

15.991

29.6184 51.8374

12.3626

25.156

41.5464

59.8374 85.9658

9.1016

22.0532

37.2446

54.93 76.4484

27
136.289
154.493
116.751
155.831
149.411

Figure 4.3: Average daily distance run for all diet groups (Pg 48).
0
0
0
0
0
0

Diet group
HF(pre-chow)
HFr(pre-chow)
HC(pre-treated)
HF(pre-treated)
HFr(pre-treated)

15
15629
23107.5
17685.4
13627.4
26128.4

12
10565
18554.9
13072.9
5466.6
18291

9
9504
9122.88
15070.1
5737.6
12004.5

6
9530
6307.5
6365.2
3223.2
8705

3
4099.75
4041.25
2736.4
1563.6
3657.6

Figure 4.4: Daily distance run for rat 37 (Pg 49).
RAT#

diet
37 HC(Sed)

day 0
47.83

day 7
27.31

day 8
37.54

day 9
35.19

day 1
52.82
day 10
36.88

day 11
35.74

day 2
48
day 12
35.3

day 3
21.35
day 13
49.2

day 4
35.71
day 14
23.4

day 5
36.99
day 15
45.53

day 6
39.79

day 16
day 17
30.51 35.65

day 26
37.17

day 18
29.74

day 19
51.51

day 20
24.51

day 21
29.93

day 22
40.75

day 23
20.99

day 24 day 25
24.08 36.83

day 27
44.77

Figure 4.5: Total food intake for pre-treated and pre-chow fed groups (Pg 50).
Diet group
Total Food Intake (q) STD
S.E.M.
HF(pre-chow)
761.71375
104.0441 52.02206
HFr(pre-chow)
558.00625
106.2987 53.14936
HF(pre-treated)
722.772
134.568 60.18064
HFr(pre-treated)
569.104
170.3167 76.16794
HC(pre-treated)
959.102
230.046 102.8797

Figure 4.6: Cumulative food intake over a 4 week running period (Pg 51).
Diet group

0

3

6

HF(pre-chow)
HFr(pre-chow)
HF(pre-treated)
HFr(pre-treated)
HC(pre-treated)

0
0
0
0
0

45.795
18.4275
51.83
40.158
77.404

115.955
84.835
117.798
99.472
167.182

9

12

195.61 285.9375 378.8825
271.86
146.7625 209.255
258.054
342.866
182.794
218.76 279.516
157.07
267.952
368.776 489.638

27
18
21
24
761.7138
664.4138
471.02 569.8225
414.54
485.565 558.006c
349.385
722.772
628.058
530.342
437.416
569.10^
494.568
422.562
345.12
959.102
839.426
718.348
599.988

Figure 4.7: Grams of fat consumed per day per diet group (Pg 52).
Diet group
HC(Pre-treated)
HF(Pre-chow)
HF(Pre-treated)
HFr(Pre-chow)
HFr(Pre-treated)

gfat/day
6.394013333
16.08062361
16.09764444
11.78013194
12.01441778

STD
1.533639829
2.196487
2.463046606
2.2440841
3.59557442

S.E.M.
0.685864582
1.0982435
1.231523303
1.12204205
1.607989764

Figure 4.8: Average daily food intake for all diet groups (Pg 53).
Diet group
HC (pre-treated)
HF (pre-chow)
HF (pre-treated)
HFr (pre-chow)
HFr (pre-treated)

ave food intake(g)
35.52
28.21
28.24
20.67
21.08

S.E.M.

STD
8.520221273
3.853485964
4.321134396
3.93698965
6.308025299

15

3.81035879
1.926742982
2.160567198
1.968494825
2.821034674

Figure 4.9: Comparison of total food consumed during sedentary and running periods (Pg 54).
STD

Sedentary Running
HFr
HF
HC

581.27
797.478
1041.13

569.104
722.772
959.102

S.E.M.

187.004 83.6306
92.4116 41.3277
218.26 97.6088

Figure 4.10: An example of a high carbohydrate ad lib pre-treated groups daily food intake and
how food eaten is varied from day to day (Pg 55).
diet
HC(Sed)

day 0
day 1
day 2
Day 3
day 4
day 5
day 6
day 7
47.83
52.82
48
21.35
35.71
36.99
39.79
27.31

day 8
day 9
day 10
day 11 Day 12 day 13
day 14
day 15
day 16
37.54
35.19
36.88
35.74
35.3
49.2
23.4
45.53
30.51
day 17
day 18
day 19
day 20
day 21
day 22 day 23
day 24
day 25
35.65
29.74
51.51
24.51
29.93
40.75
20.99
24.08
36.83
day 26
day 27
37.17
44.77

Figure 4.11: Mean body weight for all diet groups (Pg 56).
Mean body weight(g)

Diet group

9.458329662
9.90265116
15.91906614
11.14300977
6.718630813

21.14946808
19.80530232
31.83813227
22.28601953
15.02331521

292.6
286.75
284.5
235
236.8

HC(Pre-treated)
HF(Pre-chow)
HF(Pre-treated)
HFr(Pre-chow)
HFr(Pre-treated)

S.E.IVI.

STD

Figure 4.12: Mean body weights for pre-treated and pre-chow fed groups over 4 weeks of
running (Pg 58).
Diet group
HF(pre-chow)
HFr(pre-cliow)
HF(pre-treated)
HFr(pre-treated)
HC(pre-treated)
21
274.25
233.75
273.6
231.2
284

24
277.25
233.75
275.2
233.2
284.4

0

3

261
261.25
280.4
236.6
281.8

249.75
230
278.8
235
280

27
286.75
235
278
236.8
292.6

9

12

15

18

218.667 262.667
230
227.333
270.2
272.4
235
235.2
275.6
274.6

261
234
268.6
239.5
275.6

269.5
220.75
274.25
228
274.25

270.75
231
272.2
231.4
281.2

6

Figure 4.13: Changes in body weight over sedentary and running periods for pre-treated diet
groups only (Pg 59).
sedentary
period(mean)

S.E.M

STD
6.6
24.8
34.4

23.10411219
20.413231
15.08310313

running
period(mean)

10.3
9.1
6.7

0.2
-2.4
10.8

STD

S.E.M.

17.68615
24.30638
23.80546

7.9
10.9
10.6

Figure 4.14: Plasma leptin levels in all diet groups at t=4 weeks (Pg 60).
Diet group

leptin ng/ml

HC(pre-treated)
HF(pre-chow)
HF(pre-treated)
HFr(pre-chow)
HFr(pre-treated)

STD

4.245
1.7475
5.0325
1.92
1.41

S.E.M.

2.8944
1.0047
3.4389
1.1766
0.59

1.4472
0.5023
1.7195
0.5883
0.2639

Figure 4.15: Plasma leptin levels in all diet groups after 4 weeks of running (t=8 weeks) (Pg 61).
Diet group

leptin ng/ml

HC(pre-treated)
HF(pre-chow)
HF(pre-treated)
HFr(pre-chow)
HFr(pre-treated)

1.944
1.425
1.69
0.7375
0.594

S.E.M.

STD
0.84067
0.89794
0.88773
0.74204
0.3635

0.37596
0.44897
0.44387
0.37102
0.16256

Figure 4.16: The relationship between body weight(g) and plasma leptin (mg/ml) levels for all
rats (Pg 63).
rat#

diet

3
11
19
27
37
6
13
35
43
2
16
29
40
7
21
33
41
1
9

HC(Pre-treated)
HC(Pre-treated)
HC(Pre-treated)
HC(Pre-treated)
HC(Pre-treated)
HF(Pre-chow)
HF(Pre-chow)
HF(Pre-chow)
HF(Pre-chow)
HF(Pre-treated)
HF(Pre-treated)
HF(Pre-treated)
HF(Pre-treated)
HFr(Pre-chow)
HFr(Pre-chow)
HFr(Pre-chow)
HFr(Pre-chow)
HFr(Pre-treated)
HFr(Pre-treated)

Body weight (g) leptin ng/ml t=8
271
280
325
301
286
265
283
286
313
259
331
276
272
208
261
242
229
249
240

1.98
2.34
3.09
0.92
1.39
2.75
0.77
1.16
1.02

1.74
2.89
1.33
0.8
0.41
1.84
0.47
0.23
0.56
0.7

15
34
38

HFr(Pre-treated)
HFr(Pre-treated)
HFr(Pre-treated)

248
212
235

1.15
0.35
0.21

Figure 4.17: Liver glycogen content in all diet groups (Pg 64).
diet groups

Mean

HC(pre-treated)
HF(pre-chow)
HF(pre-treated)
HFr(pre-chow)
HFr(pre-treated)

31.2329
31.7368
28.6941
17.7766
19.1601

STD
18.3735
8.62818
5.88649
9.93666
8.83047

S.E.M.
8.21687
4.31409
2.94324
4.96833
3.94911

Figure 4.18: Regression for the comparison between leptin and glycogen t=8 weeks for all diet
groups (Pg 65).
rat#

Diet group

3
11
19
27
37
6
13
35
43
16
40
29
2
33
7
21
41
34
1
9
15
38

HC(pre-treated)
HC(pre-treated)
HC(pre-treated)
HC(pre-treated)
HC(pre-treated)
HF(pre-chow)
HF(pre-chow)
HF(pre-chow)
HF(pre-chow)
HF(pre-treated)
HF(pre-treated)
HF(pre-treated)
HF(pre-treated)
HFr(pre-chow)
HFr(pre-chow)
HFr(pre-ciiow)
HFr(pre-chow)
HFr(pre-treated)
HFr(pre-treated)
HFr(pre-treated)
HFr(pre-treated)
HFr(pre-treated)

liver glycogen (mg/g) leptin t=8
58.29087
42.162951
15.518754
18.728384
21.463459
23.378198
43.771977
28.932609
30.864404
22.945639
36.825091
26.513851
28.491757
10.583191
13.455984
32.464222
14.602869
12.698665
14.518754
33.473475
15.955082
12.693146

1.98
2.34
3.09
0.92
1.39
2.75
0.77
1.16
1.02
2.89
0.8
1.33
1.74
0.47
0.41
1.84
0.23
0.35
0.56
0.7
1.15
0.21
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